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(57) ABSTRACT

Methods are provided to obtain recombinant microbial cells
having at least one genetic modification that increase the
buoyant density of a recombinant microbial cell or the buoy-
ant density of inclusion bodies produced within a recombi-
nant microbial cell. Exemplified are genetic modifications
that increase the buoyant density of a recombinant microbial
cell expressing heterologous peptides and polypeptides.
Increasing expression of the genes ysaB, glyQ, glyS or a
combination thereof within the recombinant microbial cell
produces cells or inclusion bodies having higher buoyant
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rupting expression of the endogenous gltA gene. Increases in
buoyant density render peptide production more efficient
with respect to time and costs.
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1
RECOMBINANT HOST CELLS HAVING AN
INCREASE IN BUOYANT DENSITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Indian Provisional
Patent Application No. 441/DEL/2011 filed Feb. 21, 2011,
currently pending.

FIELD OF THE INVENTION

The invention relates to the field of molecular biology,
microbiology, industrial biotechnology and more particularly
to recombinant peptide production.

BACKGROUND OF THE INVENTION

Efficient production of bioactive polypeptides and peptides
is an important goal of the biomedical and biotechnology
industries. Bioactive peptides and proteins are used as thera-
peutic and diagnostic agents in a variety of diseases such as
diabetes (insulin), viral infections and leukemia (interferon),
diseases of the immune system (interleukins), and red blood
cell deficiencies (erythropoietin), to name a few. Addition-
ally, large quantities of proteins and peptides are needed for
various industrial applications including, but not limited to,
pulp and paper industries, textiles, food industries, personal
care and cosmetics industries, sugar refining, wastewater
treatment, production of alcoholic beverages, and as catalysts
for the generation of new pharmaceuticals.

In biomedical-related fields small peptides are sometimes
used as linkers for the attachment of diagnostic and pharma-
ceutical agents to surfaces (see U.S. Pat. App. Pub. No. 2003/
0185870 to Grinstaff et al. and U.S. Pat. No. 6,620,419 to
Lintner, K.). In the field of personal care, small peptides have
been used to couple benefit agents to body surfaces such as
hair, skin, nail, and teeth (U.S. Pat. Nos. 7,220,405; 7,309,
482;7,129,326;7,585,495 and 7,285,264; U.S. Pat. App. Pub.
Nos. 2002/0098524; 2005/0112692; 2005/0226839; 2007/
0196305; 2006/0199206; 2007/0065387; 2008/0107614;
2007/0110686; 2008/0280810; 2006/0171885; and 2008/
0175798).

Peptides may be prepared by chemical synthesis or isolated
from natural sources. However, these methods are often
expensive, time consuming, and characterized by limited pro-
duction capacity. The preferred method of producing large
quantities of peptides or proteins is through the fermentation
of recombinant microorganisms engineered to express a
genetic construct encoding the peptide or protein of interest.
However, recombinant microbial peptide production has a
number of obstacles to overcome in order to be cost-effective.
For example, peptides produced within a recombinant micro-
bial host cell are often degraded by endogenous proteases,
which decrease the yield and increase the cost of production.
Additionally, microbial production of smaller peptides in
high yield may be adversely affected by size and the amino
acid composition of the peptide. This is especially evident
when the peptide of interest is soluble under typical physi-
ological conditions found within the production host.

One way to mitigate the difficulties associated with recom-
binantly producing a soluble peptide of interest (POI) is to
produce it in an insoluble form that may accumulate within
the host cell as an inclusion body. Soluble POIs may be
produced as insoluble fusion proteins by coupling at least one
peptidic tag that promotes insolubility (i.e., an inclusion body
tag or “IBT”) to the peptide of interest. Producing the peptide
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of interest in the form of inclusion bodies provides a conve-
nient means to isolate the protein from other cellular compo-
nents.

One of the difficulties associated with recombinant protein
production is controlling the costs associated with processing
the recombinant biomass to obtain the desired peptide or
protein of interest. Processing steps may include harvesting
cells by centrifugation (to “spin down”) to recover the cells
from the fermentation medium, lysis or homogenization to
disrupt the cells to release the peptide, and the application of
various separation methods to isolate the fusion polypeptide.
Host cell modifications that aid in distinguishing polypep-
tides comprising POIs would further decrease the cost of POI
recovery. Thus, cellular modifications that render any of these
steps more rapid and/or easy to perform would be expected to
reduce the cost and/or time associated with processing the
recombinant host cells.

Altered expression of endogenous genes and/or the intro-
duction of additional expressible genetic constructs may
enhance recombinant peptide/protein production. Chen et al.
(Biotech Bioengin (2004) 85 (5):463-474) disclose mutations
affecting endogenous periplasmic proteases reported to
increase recombinant antibody fragment accumulation in the
E. coli periplasmic space. Further, although single gene
knockout libraries are available for . coli (Baba, T., et al.,
(2006) Mol. Syst. Biol. 2: article 2006.0008), down-regulat-
ing or disrupting specific genes or combinations of genes in
Escherichia species that significantly effect heterologous
peptide production and/or downstream processing are not as
well known.

U.S. Pat. No. 7,662,587 to Cheng et al. discloses Escheri-
chia host cells comprising a combination of knockout muta-
tions to gcvA (encoding the glycine cleavage enzyme) and spr
(encoding a suppressor of prc) that increased the amount of
heterologous peptide produced within the modified host cell.
U.S. Pat. Appl. Pub. No. 2010/0227361 to Chen et al. dis-
closes arecombinant Escherichia host cell having a knockout
mutation to gcvA, a knockout mutation to spr, and at least one
mutation to a portion of the endogenous yejM gene.

Centrifugation is often included as at least one step when
recovering the peptide of interest from the recombinant bio-
mass. Rendering cells and/or inclusion bodies denser, larger
or heavier than typical inclusion bodies could provide for
easier and more rapid isolation. Faster flow rate could be used
in continuous centrifugation to harvest cells producing denser
inclusion bodies and subsequent washes of the inclusion bod-
ies, which would lead to higher throughput in downstream
processing.

One way of achieving this is to provide recombinant host
cells having at least one modification that increases the buoy-
ant density of the cell or inclusion bodies within the cell when
synthesizing heterologous polypeptides and/or a relative
increase in the buoyant density of the inclusion bodies formed
within the modified host cell. Increases in buoyant density
provides a relatively simple means to identify and obtain cells
capable of producing increased amounts of insoluble heter-
ologous protein and/or denser inclusion bodies comprising
the heterologous protein.

However, the genetic modifications that one can introduce
to a recombinant microbial host cell to increase the buoyant
density of the cell or the buoyant density of an inclusion body
formed within such a cell are not well understood. The prob-
lem to be solved is to provide a method to obtain recombinant
host cells having at least one modification that enables more
efficient isolation of recombinant polypeptides, including
fusion polypeptides comprising the polypeptide of interest.
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Increasing the buoyant density of the recombinant host
cells or the density of the inclusion bodies produced by
recombinant host cells should reduce the cost of isolating the
polypeptide of interest. As such, an additional problem to be
solved is to provide recombinant microbial host cells having
one or more genetic modifications that increase the buoyant
density of the cell or inclusion bodies produced within recom-
binant host cell and methods of using such modified micro-
bial host cells to produce a polypeptide of interest.

SUMMARY OF THE INVENTION

A method to obtain recombinant microbial host cells hav-
ing an increase in buoyant density is provided. Recombinant
microbial host cells having at least one genetic modification
increasing the buoyant density of the cell or inclusion bodies
provided within the microbial host cell are provided as well as
method of'using such cells for the production of a polypeptide
of interest.

In one embodiment, a method to obtain recombinant
microbial cells having at least one genetic modification that
increases the buoyant density of the recombinant microbial
cell is provided comprising:

a) providing a population of recombinant microbial cells,
the recombinant microbial cells in the population com-
prising;

1) at least one introduced genetic modification; and
ii) a chimeric genetic construct encoding a polypeptide
of interest;

b) growing the recombinant microbial cells under suitable
conditions whereby the polypeptide of interest is pro-
duced and accumulates within the recombinant micro-
bial cells;

¢) fractionating the population of recombinant microbial
cells grown in (b) by a density gradient centrifugation;

d) isolating a subpopulation of the recombinant microbial
cells from a fraction having a higher buoyant density;
and

e) optionally repeating steps (a) through (d).

Several genetic modifications were identified that
increased the buoyant density of recombinant microbial cells.
The identified genetic modifications increasing buoyant den-
sity may be introduced into other recombinant microbial host
cells to increase buoyant density. In another embodiment, a
method is provided comprising:

a) providing a recombinant microbial cell comprising a
chimeric genetic construct encoding a polypeptide of
interest; and

b) introducing a genetic modification comprising:

1) increasing expression of a gene encoding a polypep-
tide selected form the group consisting of GlyS,
GlyQ, YsaB or a combination thereof;

i1) decreasing or eliminating expression of gltA encod-
ing citrate synthase; or

iii) a combination of (i) and (ii); and

¢) growing the recombinant microbial cell of (a) under
conditions whereby the polypeptide of interest is pro-
duced in the form inclusion bodies; wherein the pres-
ence of the genetic modification introduced in step (b)
increases the buoyant density of the recombinant micro-
bial cell.

In another embodiment, a recombinant Escherichia host

cell is provided, comprising:

a) a chimeric gene encoding a polypeptide of interest;
wherein the peptide of interest is not GlyS, GlyQ, or
YsaB; and
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b) a genetic modification that increases expression of at
least one endogenous gene selected from the group con-
sisting of the g/yS, glyQ, ysaB, or acombination thereof.

In another embodiment, a recombinant Escherichia host
cell is provided, comprising:

a) a chimeric genetic construct encoding a polypeptide of

interest; and

b) a knockout mutation in gene gltA (encoding citrate
synthase).

In another embodiment, a method of producing a polypep-
tide of interest in a recombinant Escherichia host cell is
provided comprising:

a) providing a recombinant Escherichia host cell compris-

ing

i) at least one chimeric genetic construct encoding a
polypeptide of interest; and

i) a knockout mutation in the endogenous gltA gene
encoding citrate synthase;

b) growing the Escherichia host cell of (a) to produce the
polypeptide of interest; and

¢) recovering the polypeptide of interest produced in step
®).

In another embodiment, the polypeptide of interest in the
above compositions and methods is produced in the form of
an insoluble fusion protein comprising at least one inclusion
body tag, wherein the fusion protein optionally comprises a
peptide spacer separating said at least one inclusion body tag
from the peptide/polypeptide of interest.

DESCRIPTION OF THE FIGURES

FIGS. 1(a-d). Separation of uninduced QC1525 cells (FIG.
1a) from induced QC1525 cells producing HC415 peptide
tagged to inclusion body tag (IBT139) in small scale Per-
coll™ density gradient 3.5 hours after induction (FIG. 15),
21.5 hours after induction (FIG. 1¢), and approximately 24
hours after induction (FIG. 1d). Note appearance of 2 bands in
induced cells (FIGS. 15, 1¢, and 1d), one upper band corre-
sponding to the uninduced population (top arrows) and a
lower band corresponding to the induced cells with greater
buoyant density (lower arrows).

FIGS. 2(a-d). Images of centrifuge tubes showing separa-
tion of uninduced QC1525 cells (FIG. 2a; arrow 1) and
induced QC1525 E. coli cells producing HC415 peptide
tagged to inclusion body tag (IBT139) in large scale density
gradient centrifugation 3.5 hours after induction (FIG. 25;
arrow 2), 21.5 hours after induction (FIG. 2¢; arrows 3, 4, and
5), and 24 hours after induction (FIG. 2d; arrows 6, 7, and 8).

FIG. 3. Image of SDS-PAGE of the bands extracted from
density gradient as shown by numbered arrows pointing to
different bands in FIGS. 2a, 25, 2¢, and 2d. The lowermost
band corresponding to higher buoyant density from each tube
produced the ~28 kDa peptide of interest.

FIGS. 4(a-d). Images of centrifuge tubes showing separa-
tion of uninduced cells (FIG. 4a; arrow to band 1), and
induced cells producing different fusion peptides. Induced
QC1101 I (FIG. 4b; arrows to bands 2 and 3), induced
QC1525 I (FIG. 4c; arrows 4 and 5), and a mixture of induce
cells QC1101 I+DC1525 I (FIG. 4d; arrows 6, 7, and 8).

FIG. 5. Genetic arrangement of the approximate 2 kb
region in E. coli BL21 genome that was identified in colony
181 which showed increased buoyant density from sorting of
plasmid expression library. This region contains the full
length ysaB and glyQ genes and a polynucleotide sequence
encoding the N terminal portion of the glyS gene.

FIGS. 6(a-f). Images of centrifuge tubes showing confir-
mation of isolate of interest by density gradient centrifuga-
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tion. Uninduced cells QC1101-U (FIG. 6a; arrow to band 1),
induced QC1101-1 (FIG. 6b; arrows to bands 2 and 3),
induced Col-127_1 (FIG. 6c¢, arrows to bands 4 and 5),
induced Col-145_1 (FIG. 6d, arrows to bands 6 and 7),
induced Col-181 1 (FIG. 6e, arrow to band 8), and a tube
containing density gradient beads (FIG. 6f). Note the
increased buoyant density in induced colony 181 (FIG. 6e;
band 8) in comparison to QC1101-I lower band (FIG. 65;
band 3).

FIG. 7. Image of SDS-PAGE of the cell lysate extracted
from the bands shown in the PERCOLL™ density gradient of
FIGS. 6a, 6b, 6¢, 6d, and 6¢. The number at the top of each
lane corresponds to the numbered bands in the PERCOLL™
gradients shown in FIGS. 64 through 6e. Lane 3 (from band 3;
FIG. 6b) is circled and corresponds to the peptide of interest
from the control. Lane 8 is the peptide of interest (circled)
from band 8 in colony 181 (FIG. 6e; band 8). Note the
increase in the approximately 28 kDa peptide of interest in
lane 8 compared to lane 3. A SeeBlue Plus 2 molecular weight
ladder is shown in the far left lane.

FIG. 8. Image of micro-density gradient centrifugation of
selected isolates (F1,B3, C6,F1,A12,B11, D2, and E4) from
density gradient sorting of the Keio collection strains. Top
panel is the whole cells (WC) and bottom panel is the inclu-
sion bodies (IB). The control is labeled BW. Note the
increased buoyant density in isolates F1 and A12.

FIGS. 9(a-f). Images of various centrifuge tubes after den-
sity gradient centrifugation. FIGS. 9a and 94 are images of
density gradient separated beads of various buoyant densities.
FIG. 95 shows a band (approximately 1.082 g/ml.) formed
after density gradient centrifugation of whole cells of control
strain BW25113. FIG. 9¢ shows a band (approximately 1.115
g/mL) formed after density gradient separation of whole cells
from a AgltA strain. FIG. 9¢ shows a band (approximately
1.121 g/mL) formed from the density gradient separation of
inclusion bodies from control strain BW25113. FIG. 9fshows
a band (approximately 1.142 g/ml) formed from the density
gradient separation of inclusion bodies from a strain having a
AgltA modification.

BRIEF DESCRIPTION OF THE BIOLOGICAL
SEQUENCES

The following sequences conform with 37 C.F.R. 1.821-
1.825 (“Requirements for Patent Applications Containing
Nucleotide Sequences and/or Amino Acid Sequence Disclo-
sures—the Sequence Rules™) and are consistent with World
Intellectual Property Organization (WIPO) Standard ST.25
(1998) and the sequence listing requirements of the EPO and
PCT (Rules 5.2 and 49.5(a-bis), and Section 208 and Annex C
of the Administrative Instructions). The symbols and format
used for nucleotide and amino acid sequence data comply
with the rules set forth in 37 C.F.R. §1.822.

Sequences 1 to 125 are peptides having various target-
binding functions. The targets include a variety of body sur-
faces (e.g., hair, skin, tooth, finger and toe nail, and the like),
polymers and pigments. These peptides are provided as an
illustrative but non-exhaustive list of examples of polypep-
tides of interests for incorporating into various heterologous
fusion polypeptides that can accumulate in inclusion bodies.

SEQID NOs: 1-11 are the amino acid sequences of several
hair-binding peptides.

SEQ ID NOs: 12-22 are the amino acid sequences of sev-
eral skin-binding peptides.

SEQ ID NOs: 23-24 are the amino acid sequences of sev-
eral nail-binding peptides.
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SEQ ID NOs: 25-33 are the amino acid sequences of sev-
eral tooth pellicle-binding peptides.

SEQ ID NOs: 34-44 are the amino acid sequences of sev-
eral tooth enamel-binding peptides.

SEQ ID NOs: 45-51 are the amino acid sequences of sev-
eral anti-microbial peptides.

SEQ ID NOs: 52-62 are the amino acid sequences of sev-
eral clay-binding peptides.

SEQ ID NOs: 63-75 are the amino acid sequences of sev-
eral calcium carbonate-binding peptides.

SEQ ID NOs: 76-82 are the amino acid sequences of sev-
eral polypropylene-binding peptides.

SEQ ID NOs: 83-91 are the amino acid sequences of sev-
eral polytetrafluoroethylene-binding peptides.

SEQ ID NOs: 92-98 are the amino acid sequences of sev-
eral polyethylene-binding peptides.

SEQ ID NOs: 99-104 are the amino acid sequences of
several nylon-binding peptides.

SEQ ID NOs: 105-107 are the amino acid sequences of
several polystyrene-binding peptides.

SEQ ID NOs: 108-111 are the amino acid sequences of
several cellulose acetate-binding peptides.

SEQ ID NOs: 112-115 are the amino acid sequences of
several carbon black-binding peptides.

SEQ ID NOs: 116-120 are the amino acid sequences of
CROMOPHTAL® yellow-binding peptides.

SEQ ID NOs: 121-125 are the amino acid sequences of
several SUNFAST® magenta-binding peptides.

SEQ ID NOs: 126-139 are the amino acid sequences of
several inclusion-body tags.

SEQ ID NO: 140 is the amino acid sequence of a tetracys-
teine peptide tag.

SEQ ID NO: 141 is the nucleic acid sequence of plasmid
pLR199.

SEQ ID NO: 142 is the nucleic acid sequence of the poly-
nucleotide encoding for fusion peptide IBT139-CCPGCC-
HC124.

SEQ ID NO: 143 is the amino acid sequence encoding
fusion peptide IBT139-CCPGCC-HC124.

SEQ ID NO: 144 is the nucleic acid sequence of plasmid
pDCQ523.

SEQ ID NO: 145 is the nucleic acid sequence of a poly-
nucleotide encoding fusion peptide IBT139(5C)-CCPGCC-
HCA415.

SEQ ID NO: 146 is the amino acid sequence of fusion
peptide IBT139(5C)-CCPGCC-HC415.

SEQ ID NO: 147 is the amino acid sequence of a peptide
linker.

SEQ ID NO: 148 is the nucleic acid sequence of araBAD
promoter.

SEQ ID NO: 149 is the nucleic acid sequence encoding the
SlyD protein.

SEQ ID NO: 150 is the amino acid sequence of the SlyD
protein.

SEQ ID NO: 151 is the amino acid sequence of a caspase 3
cleavage site.

SEQ ID NO: 152 is the nucleic acid sequence of the
approximately 2 Kb polynucleotide fragment comprising the
ysaB, glyQ and partial glyS genes.

SEQ ID NO: 153 is the nucleic acid sequence encoding the
YsaB protein.

SEQ ID NO: 154 is the amino acid sequence of the YsaB
protein.

SEQ ID NO: 155 is the nucleic acid sequence encoding the
GlyQ polypeptide.

SEQ ID NO: 156 is the amino acid sequence of the GlyQ
polypeptide.
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SEQ ID NO: 157 is the nucleic acid sequence encoding the
complete GlyS polypeptide.

SEQ ID NO: 158 is the amino acid sequence of the GlyS
polypeptide.

SEQ ID NO: 159 is the nucleic acid sequence of plasmid
pDCQ601.

SEQ ID NO: 160 is the nucleic acid sequence encoding the
partial GlyS protein.

SEQ ID NO: 161 is the amino acid sequence of the partial
GlyS protein.

SEQ ID NO: 162 is the nucleic acid sequence of primer
pBHRIF.

SEQ ID NO: 163 is the nucleic acid sequence of primer
pBHRIR.

SEQ ID NO: 164 is the nucleic acid sequence encoding the
E. coli GItA citrate synthase.

SEQ ID NO: 165 is the amino acid sequence of the E. coli
GItA citrate synthase, which is deleted in Keio library knock-
out clone JWO710.

DETAILED DESCRIPTION OF THE INVENTION

The downstream processing of recombinant microbial bio-
mass accounts for a substantial portion of the total cost to
produce a peptide/polypeptide/protein of interest. Centrifu-
gation is often included during the downstream purification
process. Genetic modifications to the recombinant microbial
cell (not including chimeric genetic construct encoding the
peptide/protein of interest) that increase the buoyant density
of the recombinant microbial cells or the inclusion bodies
comprising the desired peptide/protein should reduce the cost
to obtain the desired product.

A method to identify recombinant microbial cells having a
genetic modification that increases the buoyant density of the
cell or the buoyant density of inclusion bodies produced
within the cell is provided herein. Recombinant microbial
cells having at least one genetic modification that increases
the buoyant density of the cell and/or inclusion bodies pro-
duced within the cell are provided as well as methods of using
such cells for recombinant peptide/protein production.

The following definitions are used herein and should be
referred to for interpretation of the claims and the specifica-
tion. Unless otherwise noted, all U.S. Patents and U.S. Patent
Applications referenced herein are incorporated by reference
in their entirety.

As used herein, the indefinite articles “a” and “an” preced-
ing an element or component of the invention are intended to
be nonrestrictive regarding the number of instances (i.e.,
occurrences) of the element or component. Therefore “a” or
“an” should be read to include one or at least one, and the
singular word form of the element or component also includes
the plural unless the number is obviously meant to be singu-
lar.

As used herein, the term “comprising” means the presence
of the stated features, integers, steps, or components as
referred to in the claims, but that it does not preclude the
presence or addition of one or more other features, integers,
steps, components or groups thereof. The term “comprising”
is intended to include embodiments encompassed by the
terms “consisting essentially of” and “consisting of”. Simi-
larly, the term “consisting essentially of” is intended to
include embodiments encompassed by the term “consisting
of”.

As used herein, the term “about” refers to modifying the
quantity of an ingredient or reactant of the invention or
employed refers to variation in the numerical quantity that
can occur, for example, through typical measuring and liquid
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handling procedures used for making concentrates or use
solutions in the real world; through inadvertent error in these
procedures; through differences in the manufacture, source,
or purity of the ingredients employed to make the composi-
tions or carry out the methods; and the like. The term “about”
also encompasses amounts that differ due to different equi-
librium conditions for a composition resulting from a particu-
lar initial mixture. Whether or not modified by the term
“about”, the claims include equivalents to the quantities.

Where present, all ranges are inclusive and combinable.
For example, when a range of ““1 to 5” is recited, the recited
range should be construed as including ranges “1 to 4”, “1 to
37,41-27,“1-2 & 4-57,“1-3 & 57, and the like.

Asused herein, the term “invention” or “present invention”
is a non-limiting term and is intended to encompass all pos-
sible variations as described in the specification and recited in
the claims.

As used herein, the terms “peptide”, “polypeptide”, and
“protein” will be used interchangeably to refer to a chain of
amino acids each of which is joined to the next amino acid by
a peptide bond. In one aspect, this term also includes post
translational modifications of the polypeptide, for example,
glycosylations, acetylations, phosphorylations and the like.
Included within the definition are, for example, peptides con-
taining one or more analogues of an amino acid or labeled
amino acids and peptidomimetics. The peptides may com-
prise L-amino acids.

A heterologous polypeptide or peptide is one that the host
cell would not normally be expected to synthesize absent
some recombinant engineering manipulation that enables the
host cell to do so.

As used herein, the terms “peptide of interest”, “polypep-
tide of interest”, “protein of interest” or “POL” refer to the
desired heterologous peptide/polypeptide/protein product
encoded by a recombinantly expressed gene. The peptide of
interest may include any peptide/polypeptide product includ-
ing, but not limited to proteins, fusion polypeptides/peptides,
enzymes, peptides, polypeptides, and oligopeptides. In one
embodiment, the peptide of interest ranges in size from 14 to
600 amino acids in length. The peptide of interest may be a
bioactive peptide. The peptide of interest may have strong
affinity for a target surface, such as a body surface. In one
embodiment, the peptide of interest may have strong affinity
for a surface. In another embodiment, the peptide of interest
may have strong affinity for at least one body surface selected
from the group consisting of hair, skin, nails, tooth, and tooth
pellicle. In one embodiment, the peptide of interest is a single
chain peptide from 14 to 600 amino acids in length and lacks
any immunoglobulin folds or immunoglobulin subunits or
fragments thereof.

As used herein, the terms “bioactive” or “peptide of interest
activity” refer to the activity or characteristic associated with
a peptide/polypeptide/protein of interest. The bioactive pep-
tides may be used as, for example, curative agents for diseases
(e.g., insulin, interferon, interleukins, anti-angiogenic pep-
tides (U.S. Pat. No. 6,815,426); enzymes; polypeptides that
bind to defined cellular targets such as receptors, channels,
lipids, cytosolic proteins, and membrane proteins; peptides
having antimicrobial activity; peptides having an affinity for
a particular material (e.g., hair-binding polypeptides, skin-
binding polypeptides, nail-binding polypeptides, tooth-bind-
ing peptides (include both tooth enamel and tooth pellicle-
binding peptides), print media-binding peptides, cellulose-
binding polypeptides, polymer-binding polypeptides, clay-
binding polypeptides, calcium carbonate-binding peptides,
cellulose acetate-binding peptides, carbon nanotube-binding
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polypeptides and peptides that have an affinity for particular
animal or plant tissues) for targeted delivery of benefit agents.

Asused herein, the “benefit agent” refers to a molecule that
imparts a desired functionality or benefit when applied or
coupled to a target surface. The benefit agent may be the
polypeptide of interest or a peptide-based reagent coupled to
benefit agent. The peptide-based reagent may be used to
couple (covalently or non-covalently) a benefit agent to a
target surface. The peptide reagent may couple a benefit agent
to a body surface by forming a complex between the peptide
reagent, the benefit agent, and the body surface. The benefit
agent may be a particulate benefit agent (e.g., pigment, par-
ticles comprising an active agent) or may be a bioactive
peptide, such as an enzyme.

As used herein, an “antimicrobial peptide” is a bioactive
peptide having the ability to kill microbial cell populations
(U.S. Pat. No. 7,427,656). Examples of antimicrobial pep-
tides are provided as SEQ ID NOs: 45-51.

As used herein, the term “body surface-binding peptide”
refers to a peptide having strong affinity for a body surface.
Examples of body surfaces include, but are not limited to hair,
skin, nail, and tooth. The body surface-binding peptides are
typically used to couple a personal or health care benefit agent
to the body surface. These agents include colorants, condi-
tioners, antimicrobials, and enzymes, to name a few. Means to
identify suitable body-surface binding peptides are well
known in the art and may include biopanning techniques such
as phage display, bacterial display, yeast display, ribosome
display, and mRNA-display. The body surface-binding pep-
tide may also be empirically-generated.

As used herein, “HBP” means hair-binding peptide. As
used herein, the term “hair-binding peptide” refers to a pep-
tide that binds with high affinity to hair. Examples of hair-
binding peptides have been reported (U.S. Pat. App. Publica-
tion No. 2005-0226839 to Huang et al.; International Pub. No.
WO 0179479; U.S. Pat. App. Pub. No. 2002-0098524 to
Murray et al.; U.S. Pat. No. 7,129,326 to Janssen et al.; U.S.
Pat. App. Pub. No 2006-0171885; U.S. Pat. Nos. 7,736,633,
and 7,749,957). Examples of hair-binding peptides are pro-
vided as SEQ ID NOs: 1-11. The hair-binding peptides may
be from about 7 amino acids to about 60 amino acids, more
preferably, from about 7 amino acids to about 25 amino acids,
most preferably from about 7 to about 20 amino acids in
length.

As used herein, “SBP” means skin-binding peptide. As
used herein, the term “skin-binding peptide” refers to a pep-
tide sequence that binds with high affinity to skin. Examples
of skin-binding peptides have also been reported (U.S. Pat.
No. 7,309,482 to Buseman-Williams; U.S. Pat. Nos. 7,341,
604; and 7,749,957). Skin as used herein as a body surface
will generally comprise a layer of epithelial cells and may
additionally comprise a layer of endothelial cells. Examples
of'skin-binding peptides are provided as SEQ ID NOs: 12-22.
The skin-binding peptides may be from about 7 amino acids
to about 60 amino acids, more preferably, from about 7 amino
acids to about 25 amino acids, most preferably from about 7
to about 20 amino acids in length.

As used herein, “NBP” means nail-binding peptide. As
used herein, the term “nail-binding peptide” refers to a pep-
tide that binds with high affinity to nail. Examples of nail-
binding peptides have been reported (U.S. Pat. No. 7,749,
957). Examples of nail-binding peptides are provided as SEQ
ID NOs: 23-24. The nail-binding peptides may be from about
7 amino acids to about 60 amino acids, more preferably, from
about 7 amino acids to about 25 amino acids, most preferably
from about 7 to about 20 amino acids in length.
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As used herein, “TBP” means tooth-binding peptide. A
tooth-binding peptide is a peptide that binds with high affinity
to a mammalian or human tooth surface. As used herein, the
term “tooth-binding peptide” will refer to a peptide that binds
to tooth enamel or tooth pellicle. The tooth-binding peptides
may be from about 7 amino acids to about 60 amino acids in
length, more preferably, from about 7 amino acids to about 25
amino acids in length, most preferably from about 7 to about
20 amino acids in length. The tooth-binding peptides may be
combinatorially-generated peptides. Examples of tooth-
binding peptides having been disclosed in co-pending and
co-owned U.S. Pat. App. Pub. 2008-0280810. Several
examples of tooth-binding peptides and are provided as SEQ
ID NOs: 25-44.

As used herein, the term “tooth surface” refers to a surface
comprised of tooth enamel (typically exposed after profes-
sional cleaning or polishing) or tooth pellicle (a surface com-
prising salivary glycoproteins). Hydroxyapatite can be coated
with salivary glycoproteins to mimic a natural tooth pellicle
surface (tooth enamel is predominantly comprised of
hydroxyapatite).

As used herein, the terms “pellicle” and “tooth pellicle”
will refer to the thin film (typically ranging from about 20 nm
to about 200 um thick) derived from salivary glycoproteins
which forms over the surface of the tooth crown. Daily tooth
brushing tends to only remove a portion of the pellicle surface
while abrasive tooth cleaning and/or polishing (typically by a
dental professional) will expose more of the tooth enamel
surface.

As used herein, the terms “enamel” and “tooth enamel”
will refer to the highly mineralized tissue which forms the
outer layer of the tooth. The enamel layer is composed pri-
marily of crystalline calcium phosphate (i.e., hydroxyapatite)
along with water and some organic material. In one embodi-
ment, the tooth surface is selected from the group consisting
of'tooth enamel and tooth pellicle.

As used herein, the terms “peptide linker”, “linker”, and
“peptide spacer” refer to a peptide used to link together two or
more peptides. Peptide linkers/spacers may be comprised of
any naturally occurring amino acids and may range from 1 to
100 amino acids in length, 1 to 50 amino acids in length, 1 to
30 amino acids in length, and most preferably 3 to 30 amino
acids in length. An example of a peptide linker is provided as
SEQ ID NO: 147.

As used herein, the terms “cleavable linker element” and
“cleavable peptide linker” are used interchangeably and refer
to cleavable peptide segments typically incorporated between
an inclusion body tag and the peptide of interest. After the
inclusion bodies are separated and/or partially-purified or
purified from the cell lysate, the cleavable linker element can
be cleaved chemically and/or enzymatically to separate the
inclusion body tag from the peptide of interest. The fusion
peptide may also include a plurality of regions encoding one
or more peptides of interest separated by one or more cleav-
able peptide linkers. The peptide of interest can then be iso-
lated from the inclusion body tag, if necessary. An example of
an enzymatically cleavable peptide linker is provided by SEQ
ID NO: 151 (Caspase-3 cleavage sequence). The cleavable
linker may be an acid cleavable aspartic acid-proline dipep-
tide (D-P) moiety. The cleavable peptide linkers may be
incorporated into the fusion proteins using any number of
techniques well known in the art.

As used herein, a polymer-binding peptide is a peptide that
binds with high affinity to a specified polymer (see, for
example, U.S. Pat. No. 7,427,656). Examples of polymer-
binding peptides may include, but are not limited to, polypro-
pylene-binding peptide (SEQ ID NOs: 76-82), polytetrafluo-
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roethylene-binding peptides (SEQ ID NOs: 83-91),
polyethylene-binding peptides (SEQ ID NOs: 92-98), nylon-
binding peptides (SEQ ID NOs: 99-104), and polystyrene-
binding peptides (SEQ ID NOs: 105-107).

As used herein, a clay-binding peptide is a peptide that
binding with high affinity for a clay. Examples of clay-bind-
ing peptides include SEQ ID NOs: 52-62.

As used herein, a calcium carbonate-binding peptide is a
peptide that binding with high affinity to calcium carbonate.
Examples of calcium carbonate-binding peptides include
SEQ ID NOs: 63-75.

As used herein, a cellulose acetate-binding peptide is a
peptide that binds with high affinity to cellulose acetate.
Examples of cellulose acetate-binding peptide are provided
as SEQ ID NOs: 108-111.

Asused herein, a pigment-binding peptide is a peptide that
binds with high affinity for a specified pigment. Examples
may include, but are not limited to, carbon black-binding
peptides (SEQ ID NOs: 112-115), CROMOPHTAL® yel-
low-binding peptides (SEQ ID NOs: 116-120), and SUN-
FAST® magenta-binding peptides (SEQ ID NOs: 121-125).

As used herein, the terms “coupling” and “coupled” refer
to any chemical association and may include both covalent
and non-covalent interactions in one coupling event. Cou-
pling may also refer to separate, individual covalent interac-
tion or separate, individual non-covalent interaction.

Asused herein, a “tetracysteine tag” is a peptide tag having
an effective number cysteine residues (typically 4) which are
capable of binding a biarsenical labeling agent (U.S. Pat. No.
7,794,963 incorporated herein by reference). An example of
a tetracysteine tag is provided as SEQ ID NO: 140.

As used herein, the terms “solubility tag” and “inclusion
body tag” and the abbreviation “IBT” refer to a polypeptide
that promotes or enhances the formation of inclusion bodies
when fused to a peptide/polypeptide of interest. The polypep-
tide of interest, i.e. POL, may be soluble within the host cell
and/or host cell lysate when not fused to an inclusion body
tag. Fusion of the polypeptide of interest to the inclusion body
tag produces a fusion protein that agglomerates into intracel-
lular bodies, also called inclusion bodies, within the host cell.
The fusion protein comprises a portion having an inclusion
body tag and a peptide/protein of interest. The polypeptide/
protein of interest may be separated from the inclusion body
tags using cleavable peptide linker elements (See U.S. Pat.
Nos. 7,732,569, 7,662,913, and 7,678,883; each incorporated
herein by reference). Examples of inclusion body tags
include, but are not limited to, SEQ ID NOs: 126-139.

The inclusion body tag(s) and the peptide of interest may
exhibit a different solubility in a defined medium, typically
aqueous, thereby facilitating separation of the inclusion body
tag from the peptide of interest. Preferably, the inclusion body
tag is insoluble in an aqueous solution while the protein/
peptide of interest is appreciably soluble in an aqueous solu-
tion. The pH, temperature, and/or ionic strength of the aque-
ous solution can be adjusted to facilitate recovery of the
peptide of interest. The differential solubility between the
inclusion body tag and the polypeptide of interest may occur
in an aqueous solution having a pH of 5 to 10 and a tempera-
ture range of 15° C. to 50° C.

As used herein, the term “genetic construct” refers to a
series of contiguous nucleic acids useful for modulating the
genotype or phenotype of an organism. Non-limiting
examples of genetic constructs include but are not limited to
a nucleic acid molecule, and open reading frame, a gene, an
expression cassette, a vector, a plasmid and the like.
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As used herein, the term “endogenous gene” refers to a
native gene in its natural form and location in the genome of
an organism.

As used herein, a “foreign gene” refers to a gene not nor-
mally found in the host organism, but that is introduced into
the host organism by gene transfer. Foreign genes can com-
prise native genes inserted into a non-native organism, or
chimeric genes.

As used herein, the term “recombinant” refers to an artifi-
cial combination of two otherwise separated segments of
sequence, e.g., by chemical synthesis or by the manipulation
of isolated segments of nucleic acids by genetic engineering
techniques. “Recombinant™ also includes reference to a cell
or vector, that has been modified by the introduction of a
heterologous nucleic acid or a cell derived from a cell so
modified, but does not encompass the alteration of the cell or
vector by naturally occurring events (e.g., spontaneous muta-
tion, natural transformation, natural transduction, natural
transposition) such as those occurring without deliberate
human intervention.

As used herein, the term “Escherichia” refers to a genus of
Gram-negative, non-spore forming, facultatively anaerobic,
rod-shaped bacteria from the family Enterobacteriaceae. The
genus Escherichia include various species, such as Escheri-
chia coli. The Escherichiahost cell is an Escherichia coli cell.
The Escherichia coli cell may be derived from an Escherichia
coli K-12 strain.

As used herein, the terms “fusion protein” and “fusion
peptide” are interchangeable and refer to a polymer of amino
acids (peptide, oligopeptide, polypeptide, or protein) com-
prising at least two portions, each portion comprising a dis-
tinct function. A first portion of the fusion peptide may com-
prise at least one inclusion body tag and a second portion of
the fusion peptide may comprise at least one peptide of inter-
est. The fusion protein may additionally include at least one
cleavable peptide linker that facilitates chemical and/or enzy-
matic cleavage and separation of the inclusion body tag(s)
and the peptide(s) of interest.

As used herein, the term “immunoglobulin fold” refers to a
common all-f protein fold that consists of a 2-layer sandwich
of ~7 antiparallel p-strands arranged in two [-sheets. The
backbone switches repeatedly between the two f-sheets.
Typically, the pattern is (N-terminal p-hairpin in sheet 1)-(p3-
hairpin in sheet 2)-(f-strand in sheet 1)-(C-terminal p-hairpin
in sheet 2). The cross-overs between sheets form an “X”, so
that the N- and C-terminal hairpins are facing each other.

The term “amino acid” refers to the basic chemical struc-
tural unit of a protein or polypeptide. The following abbre-
viations are used herein to identify specific amino acids:

Three-Letter One-Letter

Amino Acid Abbreviation Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine Gln Q
Glutamic acid Glu E
Glycine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
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-continued

Three-Letter One-Letter

Amino Acid Abbreviation Abbreviation
Serine Ser S

Threonine Thr T
Tryptophan Trp w

Tyrosine Tyr Y

Valine Val \'
Miscellaneous (or as Xaa X

defined herein)

As used herein, the term “operably-linked” refers to the
association of nucleic acid sequences on a single nucleic acid
fragment so that the function of one is affected by the other.
For example, a promoter is operably linked with a coding
sequence when itis capable of affecting the expression of that
coding sequence (i.e., that the coding sequence is under the
transcriptional control of the promoter). The definition of
“operably linked” may also be extended to describe the prod-
ucts of chimeric genes. As such, “operably-linked” may also
refer to the linking of two or more peptides/polypeptides by at
least one peptide linker.

Polynucleotides encoding heterologous polypeptides may
be operably linked to various known promoters, specifically
encompassing non-inducible and inducible promoters. Suit-
able promoters exist for virtually all cell types, including
mammalian and microbial cell types. Thus, it is well known in
the art that both types of promoters that are suitable for
heterologous polypeptide expression in bacteria, yeast, fungi,
and mammalian cells are commonly used to provide suitably
high levels of synthesis of a polypeptide of interest.

Examples of inducible promoters suitable for inducing the
expression of the polynucleotide encoding the heterologous
polypeptide may include the p-lactamase and lactose pro-
moter systems (Chang et al., Nature, (1978) 275: 615; Goed-
del et al., Nature, (1979) 281: 544), the arabinose promoter
system (Guzman et al., J. Bacteriol., (1992) 174:7716-7728),
alkaline phosphatase, a tryptophan (trp) promoter system
(Goeddel, Nucleic Acids Res., (1990)8: 4057 and EP 36,776)
and hybrid promoters such as the tac promoter (deBoer et al.,
Proc. Natl. Acad. Sci. USA, (1983) 80: 21-25). However,
persons of ordinary skill in the art are clearly aware of the
numerous non-inducible and inducible promoters are avail-
able and have the means to construct the corresponding gene
expression cassettes tailored for their systems. For example,
the nucleotide sequences of non-inducible and inducible pro-
moters for numerous microbial and mammalian species have
been published, thereby enabling a skilled worker to ligate
them operably to any DNA encoding a polypeptide of inter-
est, using restriction enzymes or, if necessary, linkers or adap-
tors or polymerase chain reaction (i.e., PCR) to supply any
required restriction sites.

Density Gradient Centrifugation

As used herein, the terms “density gradient centrifugation”
and “equilibrium density gradient centrifugation” will be
used to describe a technique to separate cellular components
on the basis of their buoyant density. A mixture of compo-
nents is centrifuged through a steep density gradient. The
density gradient medium often contains a high concentration
of sucrose, or more often, cesium chloride (CsCl). In these
gradients, the molecules being studied have a density some-
where in between the highest and lowest densities generated
in the gradient. The components of the sample begin to move
down this gradient until a point is reached where the density
of'the solution is equal to the individual components density.
The component then stops moving further and forms a dis-
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tinct band. The position of the band in the tube is character-
istic of the buoyancy of that component. Buoyancy, or buoy-
ant density of a substance is its tendency to float in a medium,
which in this case is the density gradient.

The isolation of either the cells containing the inclusion
bodies or the inclusion bodies that formed therein may be
conveniently performed by density gradient centrifugation
using a gradient medium selected from the group consisting
of PERCOLL™, FICOLL™, metrizamide, sucrose or
cesium chloride. PERCOLL™ is a preferred medium but
others can be adapted for the relevant purposes encompassed
by the methods disclosed herein. As described in the
Examples, removal from the density gradient after centrifu-
gation of either cells or inclusion bodies can be achieved with
the use of conventional pipetting devices.

The components with a mixture are separated/fractionated
within the density gradient based on their respective buoyant
density, forming distinct bands within the centrifuge tube. As
used herein, the term “fractionating” will be used to describe
the step of performing equilibrium density gradient centrifu-
gation whereby a population of cells or inclusion bodies
having different buoyant densities is separated into subpopu-
lations based on differences in buoyant density. Recombinant
microbial cells and/or inclusion bodies produced by such
cells can be fractionated based on their respective buoyant
density. Bands corresponding to relative higher buoyant den-
sity can be collected and the process can be repeated to obtain
cells and/or inclusion bodies produce by such cells having
higher buoyant density.

The genetic modification associated with the increase in
buoyant density identified by the present methods can be
introduced into other microbial production hosts. Through
repeated genetic modification and selection, one can obtain 1)
modified microbial host cells having even higher buoyant
density or 2) modified microbial host cells capable producing
inclusion bodies having increased buoyant density.
Introducing Genetic Modifications to Increase Buoyant Den-
sity

Provided herein is a method to identify a genetic modifi-
cation that increases the buoyant density of a recombinant
microbial cell and/or an inclusion body produced by a recom-
binant microbial cell. In one embodiment, the introduced
genetic modification increases the buoyant density of the
recombinant microbial cell. In another embodiment, the
introduced genetic modification increases the buoyant den-
sity of the inclusion body. In one aspect, the buoyant density
of'the inclusion body increases without increasing the amount
of POI in the inclusion body (i.e., denser inclusion bodies
formed). In a further embodiment, the introduced genetic
modification increases the buoyant density of the recombi-
nant microbial cell comprising at least one inclusion body
(comprising the polypeptide of interest).

The present genetic modifications are modifications in
addition to the chimeric genetic construct designed to recom-
binantly express a polypeptide of interest. As such, the intro-
duced genetic modification does not include chimeric genetic
construct producing the desired polypeptide of interest. Con-
versely, the desired polypeptide of interest (POI) will not
include, by proviso, the protein encoded by ysaB, glyQ, glyS,
a truncated glyS or any combination thereof.

The introduced genetic modification may include recom-
binant expression of an introduced polynucleotide, decreased
or disrupted expression of an endogenous gene or a combi-
nation there.
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Recombinant Expression of a Polynucleotide to Increase
Buoyant Density

Described herein are compositions and methods for
increasing the buoyant density of a microbial cell or inclusion
body produced by a microbial cell by expressing or over-
expressing a polynucleotide encoding ysaB, glyQ, glyS, a
truncated glyS or any combination thereof. In one embodi-
ment, the source of the polynucleotide comprising ysaB,
glyQ, glyS or a truncated glyS is Escherichia. In a further
embodiment, the source of polynucleotide is FEscherichia
coli. In a preferred embodiment, the source of the polynucle-
otide is Escherichia coli BL21.

In one embodiment, the recombinantly expressed poly-
nucleotide used to increase buoyant density encodes the YsaB
protein having the amino acid sequence SEQ ID NO: 154. In
one aspect, the polynucleotide comprises the nucleic acid
sequence SEQ ID NO: 153.

In one embodiment, the recombinantly expressed poly-
nucleotide used to increase buoyant density encodes the GlyQ
protein having the amino acid sequence SEQ ID NO: 156. In
one aspect, the polynucleotide comprises the nucleic acid
sequence SEQ ID NO: 155.

In one embodiment, the recombinantly expressed poly-
nucleotide used to increase buoyant density encodes the com-
plete GlyS protein having the amino acid sequence SEQ ID
NO: 158. In one aspect, the polynucleotide comprises the
nucleic acid sequence SEQ ID NO: 157.

In one embodiment, the recombinantly expressed poly-
nucleotide used to increase buoyant density encodes a trun-
cated GlyS protein having the amino acid sequence SEQ ID
NO: 161. In one aspect, the polynucleotide comprises the
nucleic acid sequence SEQ ID NO: 160.

In one embodiment, the recombinantly expressed poly-
nucleotide used to increase the buoyant density encodes the
combination of proteins comprising amino acid sequences
SEQ ID NOs: 154, 156, and 161. In yet a further aspect, the
polynucleotide used to increase the buoyant density com-
prises nucleic acid sequence SEQ ID NO: 152.

Screening a Genomic Library

As exemplified herein, a genomic library having DNA
fragments ranging from about 2 kb to about 3 kb was pre-
pared. The present method may use larger or smaller DNA
fragments, however, an average size of 1 kb to 4 kb is pre-
ferred. The random fragments were inserted into an expres-
sion vector. The vector was introduced into recombinant
microbial host cells comprising a chimeric genetic construct
encoding a polypeptide of interest. The recombinant micro-
bial cells were grown under conditions whereby the intro-
duced polynucleotide from the genomic library and the chi-
meric gene encoding the polypeptide of interest were
expressed. The polypeptide of interest accumulated within
the cells in the form of inclusion bodies. The inserted DNA
fragment may be expressed by operably linking the fragment
to suitable regulatory sequence or may have its own regula-
tory sequence capable of expression within the recombinant
microbial host cell.

The population of cells comprising the genomic inserts and
the polypeptide of interest were then fractioned using density
gradient centrifugation. Subpopulations of cells exhibiting
higher buoyant density were selected. The subpopulation
exhibiting an increase in buoyant density can be obtained
after the first fractionation. In one embodiment, the process
may be repeated to obtain recombinant microbial cells and/or
inclusion bodies having even higher buoyant densities.

The genomic DNA used to prepare the genomic library
may be obtained for any source organism. In one embodi-
ment, the genomic DNA library is prepared from a microbial
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cell is selected from the group consisting of Aspergillus,
Trichoderma, Saccharomyces, Pichia, Phaffia, Kluyveromy-
ces, Candida, Hansenula, Yarrowia, Salmonella, Bacillus,
Acinetobacter, Zymomonas, Agrobacterium, Erythrobacter,
Chlorobium, Chromatium, Flavobacterium, Cytophaga,
Rhodobacter, Rhodococcus, Streptomyces, Brevibacterium,
Corynebacteria, Mycobacterium, Deinococcus, Escherichia,
Erwinia, Pantoea, Pseudomonas, Sphingomonas, Methy-
lomonas, Methylobacter, Methylococcus, Methylosinus,
Methylomicrobium, Methylocystis, Alcaligenes, Synechocys-
tis, Synechococcus, Anabaena, Thiobacillus, Methanobacte-
rium, Klebsiella, and Myxococcus. In one embodiment, the
source of the genomic DNA used to prepare the library is
Escherichia. Preferably the source is Escherichia coli. In
another embodiment, the source may be derived from
Escherichia coli BL21.

Method to Obtain Recombinant Microbial Cells Having
Genetic Modifications which Increase Buoyant Density

The process exemplified herein may be repeated to obtain
cells having further increases buoyant density. The process
may be used to screen libraries of mutants to identify further
genetic modifications that may increase the buoyant density
of'the cells and/or inclusion bodies produced by the modified
cells.

As such, a method to obtain recombinant microbial cells
having at least one genetic modification that increases the
buoyant density of the recombinant microbial cell is provided
herein comprising:

a) providing a population of recombinant microbial cells,
the recombinant microbial cells in the population com-
prising;

1) at least one introduced genetic modification; and
ii) a chimeric genetic construct encoding a polypeptide
of interest;

b) growing the recombinant microbial cells under suitable
conditions whereby the polypeptide of interest is pro-
duced and accumulates within the recombinant micro-
bial cells;

¢) fractionating the population of recombinant microbial
cells grown in (b) by a density gradient centrifugation;

d) isolating a subpopulation of the recombinant microbial
cells from a fraction having a higher buoyant density;
and

e) optionally repeating steps (a) through (d).

Decreased or Disrupted Expression of Endogenous Genes to
Increase Buoyant Density

As used herein, the terms “disrupted functional expres-
sion”, “disrupted expression”, and “disrupted gene” refer to a
genetic modification to a specified gene that stops functional
expression of the gene’s product, such as an active enzyme,
functional RNA, and/or functional regulatory protein. Gen-
erally, disruption in the production a gene product can be
accomplished by, for example, an insertion, deletion, or sub-
stitution to a portion of the gene, which results in no forma-
tion or reduced formation of the active gene product. The
disruption may preferably be a partial or complete deletion of
the gene. A genetic modification that complete abolishes
production of the gene product may be referred to as a
“knockout” and may be denoted by the symbol “A”. For
example, “AgltA” would refer to a knockout of the gltA gene
that complete disrupted production of a functional GItA pro-
tein.

When the sequence of the gene to be disrupted is known,
down regulating gene expression may be accomplished by
targeted gene disruption and involves creating genetic cas-
settes that includes DNA to be inserted into the to-be-dis-
rupted gene. This DNA is often a genetic marker and is
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flanked by sequence(s) having a high degree of homology to
aportion of the targeted gene. Introduction of the cassette into
the host cell results in insertion of the foreign DNA into the
targeted gene via native DNA replication mechanisms of the
cell (Hamilton et al., J. Bacteriol., 171:4617-4622 (1989);
Balbas et al., Gene, 136:211-213 (1993); Gueldener et al.,
Nucleic Acids Res., 24:2519-2524 (1996); and Smith et al.,
Methods Mol. Cell. Biol., 5:270-277 (1996)) and interferes
with transcription of the targeted gene, which produces no
mRNA transcripts from which to translate a gene product.

Down regulation of expression does not require completely
eliminating all expression of the gene and its corresponding
gene product. Targeted genes may be down-regulated using
several other techniques known in the art. For example, target
genes can be modified to be under the control of non-native
promoters. When desired that a pathway and/or functional
gene product operate at a particular point in a cell cycle or
during a fermentation run, regulated or inducible promoters
can replace the native promoter of the target gene. Similarly,
the native or endogenous promoter can be modified to
decrease gene expression. For example, endogenous promot-
ers can be altered in vivo by mutation, deletion, and/or sub-
stitution (see, U.S. Pat. No. 5,565,350 to Kmiec, Eric B.).

Down regulating can involve antisense technology when
the sequence of the target gene is known. Here, a nucleic acid
segment from the desired gene is cloned and operably linked
to a promoter such that the anti-sense strand of RNA will be
transcribed. This construct is then introduced into the host
cell and the antisense strand of RNA is produced, which
inhibits gene expression by preventing the accumulation of
mRNA. Antisense technology is within the skill of the art.
That is, a skilled artisan understands that achieving a down-
regulated expression through antisense genes involves the use
of chimeric genes having various regulatory elements.

Besides targeted gene disruption and antisense technology,
other down regulation methods exist that do not require
knowing the sequence of the to-be-disrupted gene. For
example, cells may be exposed to UV radiation and then
screened for the desired phenotype. Mutagenesis with chemi-
cal agents is also effective for generating mutants and com-
monly used substances include chemicals that affect non-
replicating DNA such as HNO, and NH,OH, as well as
agents that affect replicating DNA such as acridine dyes,
notable for causing frameshift mutations. Specific methods
for creating mutants using radiation or chemical agents are
well documented in the art. See for example Thomas D.
Brock in Biotechnology: 4 Textbook of Industrial Microbiol-
ogy, Second Edition (1989) Sinauer Associates, Inc., Sunder-
land, Mass., (hereinafter “Brock™) or Deshpande, Mukund V.,
Appl. Biochem. Biotechnol., 36:227 (1992) (hereinafter
“Deshpande™).

Transposon mutagenesis represents another non-specific
method of gene disruption and is exemplified herein. Trans-
posons are genetic elements that insert randomly in DNA but
can be later retrieved on the basis of sequence to determine
where the insertion has occurred. Both in vivo and in vitro
transposition methods are known. Both methods involve the
use of a transposable element in combination with a trans-
posase enzyme. When the transposable element or transpo-
son, is contacted with a nucleic acid molecule in the presence
of the transposase, the transposable element will randomly
insert into the nucleic acid molecule. The technique is useful
for random mutagenesis and for gene isolation, since the
disrupted gene may be identified on the basis of the sequence
of'the transposable element. Kits for in vitro transposition are
commercially available (see for example The Primer Island
Transposition Kit, available from Perkin Elmer Applied Bio-
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systems, Branchburg, N.J., based upon the yeast Ty1 element;
The Genome Priming System, available from New England
Biolabs, Beverly, Mass.; based upon the bacterial transposon
Tn7; and the EZ::'TN Transposon Insertion Systems, avail-
able from Epicentre Technologies, Madison, Wis., based
upon the Tn5 bacterial transposable element.

Exemplified herein is a method of increasing the buoyant
density of a recombinant microbial cell and/or inclusion body
produced by a recombinant microbial cell by decreasing or
disrupting expression the gene gltA (encoding citrate syn-
thase).

In one aspect, the endogenous copy of gltA is a knockout
mutation. In a preferred aspect, the recombinant microbial
host cell comprising the decreased or disrupted expression of
gltA is a genetically engineered Escherichia cell expressing a
chimeric gene encoding a polypeptide of interest (POI).
Methods to Identify Substantially Similar Nucleic Acid
Sequences Associated with Increasing Buoyant Density

Nucleic acid hybridization may also be used to identify
substantially similar nucleic acid molecules to those reported
herein to increase buoyant density. The present nucleic acid
molecules described herein may be used to identify genes
encoding substantially similar polypeptides/proteins
expected to have similar function (increased buoyant den-
sity). Nucleic acid hybridization may be conducted under
stringent conditions. Substantially similar sequences are
defined by their ability to hybridize, under the following
stringent conditions (0.1xSSC, 0.1% SDS, 65° C. and washed
with 2xSSC, 0.1% SDS followed by 0.1xSSC, 0.1% SDS,
65° C.).

Each of the proposed modifications is well within the rou-
tine skill in the art (see Sambrook, J. and Russell, D., Molecu-
lar Cloning: A Laboratory Manual, Third Edition, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(2001)). Moreover, the skilled artisan recognizes that sub-
stantially similar sequences are also encompassed by the
present invention. Furthermore, the genetic modifications
illustrated herein in Escherichia coli should apply to other
members of the genus Escherichia.

As illustrated herein, the Escherichia host cell may also
have a knockout to the endogenous chromosomal araBAD
operon (a pBAD expression vector and arabinose induction
was used to drive expression of the chimeric gene encoding
the fusion peptide) and a knockout to the slyD gene (to
remove possible binding between the LUMIO™ biarsenical
labeling reagent and cysteine rich sequences in slyD). The
recombinant Escherichia production host may comprise
decreased expression and/or a disruption (such as a knockout)
in the endogenous araBAD operon, the slyD gene, or a com-
bination thereof (in addition to the genetic modification
increasing buoyant density).

Peptide/Polypeptide of Interest

The function of the peptide of interest is not limited by the
present method and may include, but is not limited to bioac-
tive molecules that act as curative agents for diseases, such as
insulin, interferon, interleukins, peptide hormones, immuno-
globulins, antibodies, anti-angiogenic peptides, active
enzymes, and peptides that bind to and affect defined cellular
targets such as receptors, channels, lipids, cytosolic proteins,
and membrane proteins (see U.S. Pat. No. 6,696,089); pep-
tides having an affinity for a particular material, such as
biological tissues, biological molecules, hair-binding pep-
tides (see U.S. patent application Ser. No. 11/074,473; Intl
Pat. App. No. WO 0179479; U.S. Pat. App. Pub. No. 2002/
0098524; U.S. Pat. App. Pub. No. 2003/0152976; Intl Pat.
App. No. WO 04048399; U.S. Pat. App. Pub. No 2007/
0067924; and U.S. Pat. App. Pub. No. 2007/0249805), skin-
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binding peptides (see U.S. Pat. No. 7,309,482; Intl. Pat. App.
No. WO 2004/000257; and U.S. Pat. App. Pub. No. 2007/
0249805), nail-binding peptides (see U.S. Pat. App. Pub. No.
2007/0249805), cellulose-binding peptides, polymer-bind-
ing peptides (see U.S. Pat. App. Pub. Nos. 2007/0141629,
2007/0264720, 2008/0207872, 2007/0141628, and 2007/
0261775), clay-binding peptides for targeted delivery of at
least one benefit agent (see U.S. patent application Ser. No.
10/935,642; U.S. patent application Ser. No. 11/074,473; and
U.S. Pat. App. Pub. No. 2007/0249805).

The peptide of interest may be a single chain peptide rang-
ing in size from about 14 to about 600 amino acids in length
and lacks an immunoglobulin fold. The peptide of interest
may range in size from 14 to 400 amino acids in length, 14 to
300 amino acids in length, or 14 to about 200 amino acids in
length.

The heterologous polypeptide of interest can be a polypep-
tide that may accumulate in inclusion bodies upon culturing a
recombinant cell comprising a heterologous polypeptide-en-
coding polynucleotide operably linked to a promoter, to syn-
thesize the heterologous polypeptide. The heterologous
polypeptide of interest may be integrated into chromosome of
production host and synthesized from chromosome, or it
could be synthesized from expression plasmids present in
production host. The polypeptide of interest may be produced
in the form of an insoluble fusion protein. The fusion protein
may include at least one peptidic solubility tag (inclusion
body tag; “IBT”) to enhance accumulation of the fusion pro-
tein as inclusion bodies. Inclusion body tags are exemplified
herein and in other patent applications and issued patents that
are incorporated by reference. Example of inclusion body
tags are provided by SEQ ID NOs: 126-139.

In general, the polypeptide can be composed of two or
preferably three, segments; the IBT, the POI and optionally
but preferably a peptide linker that joins the IBT and POI to
each other. It is irrelevant which of the IBT or POI is posi-
tioned at the amino-terminal portion and carboxyl-terminal
portion ofthe heterologous fusion polypeptide and vice versa.

In one embodiment, the fusion peptide may be comprised
of at least one solubility tag, such as an inclusion body tag.
The fusion peptide/polypeptide/protein may have the general
form of:

IBT-CL-POI

or

POI-CL-IBT

wherein;

IBT=at least one inclusion body tag;

CL=at least one cleavable peptide linker; and

POI=the polypeptide of interest.

When using a cleavage peptide linker, it is preferable that
the peptide linker have an enzymatic and/or chemically cleav-
able site. With this in mind, a linker may be designed to have
any recognition and cleavage site that corresponds to the
many known proteases that have been purified; such as
trypsin, proteinase K, a Caspase such as Caspase 3, and the
like. An example of a Caspace-3 cleavage sequence is pro-
vided as SEQ ID NO: 151.

It is similarly desirable to have one or more chemically
sensitive cleavage sites on the linker that, preferably, does not
also cleave the IBT and POI. A convenient chemical sensitiv-
ity is pH cleavage of the linker, more specifically, low pH.
Such acid-cleavable sites may be comprised of one or more
aspartic acid-proline, i.e., DP, pairs. In such embodiments of
the inventive method, the pH range at which cleavage of the
linker occurs is between about pH 1 to about pH 6, preferably
from about pH 2 to about pH 5 and most preferably between
about pH 2 to about pH 4.
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The applicability of the method is broad with respect to cell
type. Therefore, virtually any recombinant host cell capable
of synthesizing suitable amounts of a heterologous polypep-
tide such that the synthesized heterologous polypeptide accu-
mulates in inclusion bodies may be used. In a preferred
embodiment, the recombinant host cell is a recombinant
microbial host cell, such as yeast, fungi and bacteria. In one
embodiment, the recombinant microbial cell is selected from
the group consisting of Aspergillus, Trichoderma, Saccharo-
myces, Pichia, Phaffia, Kluyveromyces, Candida, Hansenula,
Yarrowia, Salmonella, Bacillus, Acinetobacter, Zymomonas,
Agrobacterium, Erythrobacter, Chlorobium, Chromatium,
Flavobacterium, Cytophaga, Rhodobacter, Rhodococcus,
Streptomyces, Brevibacterium, Corynebacteria, Mycobacte-
rium, Deinococcus, Escherichia, Erwinia, Pantoea,
Pseudomonas, Sphingomonas, Methylomonas, Methylo-
bacter, Methylococcus, Methylosinus, Methylomicrobium,
Methylocystis, Alcaligenes, Synechocystis, Synechococcus,
Anabaena, Thiobacillus, Methanobacterium, Klebsiella, and
Myxococcus. The more preferred cell types for use in the
method are Saccharomyces sp., Salmonella sp., Bacillus sp.
and Escherichia sp. Even more preferred is Escherichia coli.
Single Chain Peptides Having Affinity for a Target Surface

Proteinaceous materials having strong affinity for a body
surface can target delivery of one or more personal care
benefit agents. Some of these materials comprise or derive
from immunoglobulins or immunoglobulin fragments (anti-
bodies, antibody fragments, F,, single-chain variable frag-
ments (scFv), and Camelidae V ;) having affinity for the
target surface. Other such proteinaceous materials comprise
non-immunoglobulin derived scaffold proteins. Further,
these materials for delivery of a personal care benefit agent
can include a single chain, linear peptide.

The peptide of interest used in the fusion proteins
described herein may be proteinaceous material that has at
least one domain having strong affinity for a target surface but
does not comprise an immunoglobulin fold or underlying
scatfold support. Thus, the POI preferably comprises at least
one single chain peptide. Moreover, the peptide of interest
described herein is heterologous to the recombinant micro-
bial host cell and may be produced in the cytoplasm and not
targeted for secretion and/or accumulation in the periplasm.

Single-chain peptides that target surfaces can be identified
and isolated from peptide libraries using any number of bio-
panning techniques well known to those skilled in the art
including, but not limited to bacterial display, yeast display,
combinatorial solid phase peptide synthesis, phage display,
ribosome display, and mRNA display. Techniques to generate
random peptide libraries are described in Dani, M., J. of
Receptor & Signal Transduction Res., 21(4):447-468 (2001).
Phage display libraries are available commercially from com-
panies such as New England BioLabs (Beverly, Mass.).

The peptide of interest may be a peptide-based reagent
comprising a plurality of biopanned target surface-binding
peptides coupled together (optionally through one or more
spacers) to form at least one target surface binding domain.
The peptide of interest may comprise multiple target surface-
binding domains, wherein each domain may have affinity for
the same or a different target surface. The individual bio-
panned target surface-binding peptides are typically about 7
to about 60 amino acids in length and often have a binding
affinity (as measured or reported as an MBs, or K, value) of
107> M or less for the surface of the target material. The
individual biopanned target surface-binding peptides may be
from about 7 amino acids to about 60 amino acids in length,
more preferably, from about 7 amino acids to about 25 amino
acids in length, most preferably from about 7 to about 20
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amino acids in length. The peptide of interest may also be a an
individual target surface-binding peptide.

Examples of single chain peptide-based reagents having
affinity for at least one target surface include, but are not
limited to body surfaces such as hair, skin, nail, and teeth
(U.S. Pat. Nos. 7,220,405; 7,309,482; and 7,285,264; U.S.
Pat. App. Pub. Nos. 2005/0226839; 2007/0196305; 2006/
0199206;2007/0065387,2008/0107614; 2007/0110686; and
2006/0073111; and Intl Pat. App. Pub. Nos. WO2008/
054746; W0O2004/048399, and WO2008/073368) as well as
other surfaces such as pigments and miscellaneous print
media (U.S. Pat. App. Pub. No. 2005/0054752), and various
polymers such as polymethyl methacrylate (U.S. Pat. App.
Pub. No. 2007/0265431), polypropylene (U.S. Pat. App. Pub.
No. 2007/0264720), nylon (U.S. Pat. App. Pub. Nos. 2007/
0141629 and 2003/0185870), polytetrafluoroethylene (U.S.
patent application Ser. No. 11/607,734), polyethylene (U.S.
Pat. App. Pub. No. 2007/0141628), and polystyrene (U.S. Pat.
App. Pub. No. 2007/0261775). Examples of various target
surface-binding peptides are provided in the present sequence
listing.

The target surface-binding peptide may have strong affin-
ity for a particulate benefit agent surface (such as a pigment,
a sunscreen agent, a whitening agent, etc.), a polymeric coat-
ing applied to a particulate benefit agent (such as a coated
pigment), a clay, calcium carbonate or a body surface.
Binding Affinity

The term “MB;,,” refers to the concentration of the binding
peptide that gives a signal that is 50% of the maximum signal
obtained in an ELISA-based binding assay (see present
Example 11 and U.S. Published Patent Application No. 2005-
0226839). The MBs, value provides an indication of the
strength of the binding interaction or affinity of the compo-
nents of the complex. The lower the MB,, value, the stronger
the interaction of the peptide with its corresponding substrate.
The term “binding affinity” refers to the strength of the inter-
action of a binding peptide with a given substrate. The bind-
ing affinity is defined herein in terms of the MB, value,
determined in an ELISA-based binding assay.

Peptides having an affinity for a target surface (i.e., target
surface-binding peptides) may be selected using combinato-
rial methods that are well known in the art or may be empiri-
cally generated. It is preferred that the polypeptide of interest
having affinity for a target surface has a binding affinity as
measured by MB,,, values, of less than or equal to about 107>
M, more preferably less than or equal to about 10~° M, even
more preferably less than or equal to about 10~7 M, and even
more preferably less than or equal to about 1078 M.

In one embodiment, the term “high affinity” or “strong
affinity” will be used to describe a binding affinity, as mea-
sured by an MB,, value, less than or equal to about 107> M,
preferably less than or equal to about 10~% M, more preferably
less than or equal to about 10~7 M, and even more preferably
less than or equal to about 107 M.

Microbial Host Cells

Transcription, translation, and the protein biosynthetic
apparatus are universal genetic processes. Examples of
microbial production hosts may include, but are not limited to
bacterial species such as Salmonella, Bacillus, Acinetobacter,
Zymomonas, Agrobacterium, Erythrobacter, Chlorobium,
Chromatium, Flavobacterium, Cytophaga, Rhodobacter,
Rhodococcus, Brevibacterium, Corynebacteria, Mycobacte-
rium, Deinococcus, Escherichia, Erwinia, Pantoea,
Pseudomonas, Sphingomonas, Methylomonas, Methylo-
bacter, Methylococcus, Methylosinus, Methylomicrobium,
Methylocystis, Alcaligenes, Synechocystis, Synechococcus,
Anabaena, Thiobacillus, Methanobacterium, Klebsiella, and
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Myxococcus. Preferably, the microbial host strain is a mem-
ber of the genus Escherichia. The host strain may be Escheri-
chia coli. The Escherichia coli host strain used to produce the
polypeptide of interest is preferably derived from a K-12
strain, such as E. coli K-12 substrain MG1655 (ATCC®
47076™),

Inclusion Body Isolation

Because of the insolubility of the inclusion body, a conve-
nient method for isolating it would start with lysing the cells,
with or without mechanical disruption. These methods gen-
erally involve suspending cells in an isotonic or hypotonic
solution containing a non-denaturing surfactant (e.g., octyl-
glucoside, TRITON® x-100, NP-40 and the like) and, option-
ally, disrupting the cells, such as by (ultra)sonication, pres-
sure cycling or other homogenization method. In some
methods, the suspended bacteria are treated with commer-
cially available enzymes that lyse the cell wall, e.g.,
lysozyme. The relevant end point is that the contents of the
bacterial cytoplasm, i.e., the polypeptide of interest, prefer-
ably in the form of inclusion bodies, are released into the
lysing media.

Once lysed or disrupted, the cell lysate is usually subjected
to one or more kinds of centrifugation in order to obtain a
preparation of the inclusion bodies. For example, the density
of'the medium may be increased to an empirically determined
value that is suitable for allowing the inclusion bodies to form
a pellet after centrifugation. The increase in density range of
the gradient may be achieved by adding sucrose, glycerol,
FICOLL™ and the like, to the desired concentration. The
relative buoyant density of the inclusion bodies may be deter-
mined by density gradient centrifugation, as illustrated
herein.

Cleavable Peptide Linkers

The use of cleavable peptide linkers is well known in the
art. Fusion peptides comprising at least one inclusion body
tag will typically include at least one cleavable sequence
separating the inclusion body tag from the peptide of interest.
The cleavable sequence facilitates separation of the inclusion
body tag(s) from the peptide(s) of interest. The cleavable
sequence may be provided by a portion of the inclusion body
tag and/or the peptide of interest (e.g., inclusion of an acid
cleavable aspartic acid-proline moiety). The cleavable
sequence preferably includes in the fusion peptide at least one
cleavable peptide linker between the inclusion body tag and
the peptide of interest.

Means to cleave the peptide linkers are well known in the
art and may include chemical hydrolysis, enzymatic cleavage
agents, and combinations thereof. One or more chemically
cleavable peptide linkers are included in the fusion construct
to facilitate recovery of the peptide of interest from the inclu-
sion body fusion protein. Examples of chemical cleavage
reagents include cyanogen bromide, which cleaves methion-
ine residues; N-chloro succinimide, iodobenzoic acid or
BNPS-skatole [2-(2-nitrophenylsulfenyl)-3-methylindole],
which cleaves tryptophan residues; dilute acids, which cleave
at aspartyl-prolyl bonds, one or more aspartic acid-proline
acid cleavable recognition sites (i.e., a cleavable peptide
linker comprising one or more D-P dipeptide moieties) may
preferably be included in the fusion protein construct to facili-
tate separation of the inclusion body tag(s) form the peptide of
interest. The fusion peptide may include multiple regions
encoding peptides of interest separated by one or more cleav-
able peptide linkers.

Moreover, one or more enzymatic cleavage sequences may
be included in the fusion protein construct to facilitate recov-
ery of the peptide of interest. Proteolytic enzymes and their
respective cleavage site specificities are well known in the art.



US 9,273,336 B2

23

Preferably, the proteolytic enzyme is selected to specifically
cleave only the peptide linker separating the inclusion body
tag and the peptide of interest. Examples of enzymes useful
for cleaving the peptide linker include, but are not limited, to
Arg-C proteinase, Asp-N endopeptidase, chymotrypsin, clos-
tripain, enterokinase, Factor Xa, glutamyl endopeptidase,
Granzyme B, Achromobacter proteinase I, pepsin, proline
endopeptidase, proteinase K, Staphylococcal peptidase I,
thermolysin, thrombin, trypsin, and members of the Caspase
family of proteolytic enzymes (e.g. Caspases 1-10) (Talanian
etal., J Biol. Chem. (1997) 272(15): 9677-9682).

Typically, cleavage occurs after the insoluble inclusion
bodies and/or insoluble fusion peptides are isolated from the
cell lysate. Methods of lysing cells and isolation peptide from
the cell lysate are well known in the art. Once isolated, the
insoluble inclusion bodies and/or fusion peptides can be
treated with a chemical cleavage agent or enzymatic cleavage
agent to cleave the inclusion body tag from the peptide of
interest. After cleavage step, preferably, the peptide of interest
can be separated and/or isolated from the fusion protein and
the inclusion body tags based on a differential solubility of the
components. Parameters such as pH, salt concentration, and
temperature may be adjusted to facilitate separation of the
inclusion body tag from the peptide of interest. The peptide of
interest may be soluble or insoluble while the inclusion body
tag and/or fusion protein is insoluble or soluble in the defined
process matrix, typically aqueous. Optionally, the peptide of
interest may be further purified using any number of well
known purification techniques in the art such as ion exchange,
gel purification techniques, and column chromatography (see
U.S. Pat. No. 5,648,244).

Fermentation Media

Fermentation media must contain suitable carbon sub-
strates. Suitable substrates may include, but are not limited to,
monosaccharides such as glucose and fructose, oligosaccha-
rides such as lactose or sucrose, polysaccharides such as
starch or cellulose or mixtures thereof and unpurified mix-
tures from renewable feedstocks such as cheese whey perme-
ate, cornsteep liquor, sugar beet molasses, and barley malt.
L-arabinose is used to induce the present arabinose inducible
expression system. As such, L-arabinose is typically not
included in the fermentation media until expression of the
desired chimeric gene (encoding the peptide or protein of
interest) is desired. L-arabinose can be added at any time
during the fermentation, although it is often preferable to
induce expression only after a desired cell density/mass is
achieved in the fermentor. It is contemplated that the source of
carbon utilized in the present invention may encompass a
wide variety of carbon containing substrates and will only be
limited by the choice of organism. Preferred carbon sub-
strates include glucose, fructose, and sucrose.

In addition to a carbon source, fermentation media may or
must contain other components suitable and/or necessary for
the growth of the cultures and promotion of the expression of
the present fusion peptides. These are known to those skilled
in the art and include minerals, salts, cofactors, buffers, etc.
Culture Conditions

Suitable growth conditions can vary and depend on the
chosen production host and are generally known in the art.
Typically, cells are grown at a temperature in the range of
about 25° C. to about 40° C. in an appropriate medium.
Suitable growth media in the present invention are common
commercially prepared media such as Luria Bertani (LB)
broth, Sabouraud Dextrose (SD) broth or Yeast medium (YM)
broth. Other defined or synthetic growth media may also be
used and the appropriate medium for growth of the particular
microorganism will be known by one skilled in the art of
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microbiology or fermentation science. The use of agents
known to modulate catabolite repression directly or indi-
rectly, e.g., cyclic adenosine 2":3'-monophosphate, may also
be incorporated into the fermentation medium.

Suitable pH ranges for the fermentation are typically
between pH 5.0to pH 9.0, where pH 6.0 to pH 8.0 is preferred.
Fermentation may be performed under either aerobic or
anaerobic conditions whereas aerobic conditions are gener-
ally preferred.

Industrial Batch and Continuous Fermentations

Classical batch fermentation is a closed system where the
composition of the medium is set at the beginning of the
fermentation and not subject to artificial alterations during the
fermentation. Thus, at the beginning of the fermentation the
medium is inoculated with the desired organism or organ-
isms, and fermentation is permitted to occur without adding
anything to the system. Typically, a “batch” fermentation is
batch with respect to the addition of carbon source and
attempts are often made at controlling factors such as pH and
oxygen concentration. In batch systems the metabolite and
biomass compositions of the system change constantly up to
the time the fermentation is stopped. Within batch cultures
cells moderate through a static lag phase to a high growth log
phase and finally to a stationary phase where growth rate is
diminished or halted. If untreated, cells in the stationary
phase will eventually die. Cells in log phase generally are
responsible for the bulk of production of end product or
intermediate.

A variation on the standard batch system is the Fed-Batch
system. Fed-Batch fermentation processes are also suitable in
the present invention and comprise a typical batch system
with the exception that the substrate is added in increments as
the fermentation progresses. Fed-Batch systems are useful
when catabolite repression is apt to inhibit the metabolism of
the cells and where it is desirable to have limited amounts of
substrate in the media. Measurement of the actual substrate
concentration in Fed-Batch systems is difficult and is there-
fore estimated on the basis of the changes of measurable
factors such as pH, dissolved oxygen and the partial pressure
of waste gases such as CO,. Batch and Fed-Batch fermenta-
tions are common and well known in the art and examples
may be found in Thomas D. Brock in Biotechnology: A Text-
book of Industrial Microbiology, Second Edition (1989)
Sinauer Associates, Inc., Sunderland, Mass. (hereinafter
“Brock™), or Deshpande, Mukund V., Appl. Biochem. Bio-
technol., (1992) 36:227-234.

Although typically performed in batch mode, it is contem-
plated that the methods described herein would be adaptable
to continuous fermentation methods. Continuous fermenta-
tion is an open system where a defined fermentation medium
is added continuously to a bioreactor and an equal amount of
conditioned media is removed simultaneously for processing.
Continuous fermentation generally maintains the cultures at a
constant high density where cells are primarily in log phase
growth.

Continuous fermentation allows for the modulation of one
factor or any number of factors that affect cell growth or end
product concentration. For example, one method will main-
tain a limiting nutrient such as the carbon source or nitrogen
level at a fixed rate and allow all other parameters to moder-
ate. In other systems a number of factors affecting growth can
be altered continuously while the cell concentration, mea-
sured by media turbidity, is kept constant. Continuous sys-
tems strive to maintain steady state growth conditions and
thus the cell loss due to the medium being drawn off must be
balanced against the cell growth rate in the fermentation.
Methods of modulating nutrients and growth factors for con-
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tinuous fermentation processes as well as techniques for
maximizing the rate of product formation are well known in
the art of industrial microbiology and a variety of methods are
detailed by Brock, supra.

The methods described herein may be practiced using
either batch, fed-batch or continuous processes and that any
known mode of fermentation would be suitable.

General Methods

Standard recombinant DNA and molecular cloning tech-
niques used herein are well known in the art and are described
by Sambrook, J. and Russell, D., Molecular Cloning: A Labo-
ratory Manual, Third Edition, Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, N.Y. (2001); and by Silhavy,
T. J., Bennan, M. L. and Enquist, L. W., Experiments with
Gene Fusions, Cold Spring Harbor Laboratory Cold Press
Spring Harbor, N.Y. (1984); and by Ausubel, F. M. et. al.,
Short Protocols in Molecular Biology, 5 Ed. Current Proto-
cols and John Wiley and Sons, Inc., N.Y., 2002.

All reagents and materials were obtained from DIFCO
Laboratories (Detroit, Mich.), GIBCO/BRL (Gaithersburg,
Md.), TCI America (Portland, Oreg.), Roche Diagnostics
Corporation (Indianapolis, Ind.) or Sigma/Aldrich Chemical
Company (St. Louis, Mo.), unless otherwise specified.

The following abbreviations in the specification corre-
spond to units of measure, techniques, properties, or com-
pounds as follows: “sec” or “s” means second(s), “min”
means minute(s), “h” or “hr” means hour(s), “ul.” means
microliter(s), “mL” means milliliter(s), “L” means liter(s),
“mM” means millimolar, “M” means molar, “mmol” means
millimole(s), “ppm” means part(s) per million, “wt” means
weight, “wt %” means weight percent, “g” means gram(s),
“mg” means milligram(s), “ng” means microgram(s), “ng”
means nanogram(s), “g” means gravity, “gf” means maxi-
mum grams force, “HPLC” means high performance liquid
chromatography, “dd H,O0” means distilled and deionized
water, “dew” means dry cell weight, “ATCC” or “ATCC®”
means the American Type Culture Collection (Manassas,
Va.), “rpm” means revolution(s) per minute, and “EDTA”
means ethylenediaminetetraacetic acid.

Compositions of Growth Media and Buffers

TABLE 1

Media and Buffers

Media/Buffer Ingredient Amount
Miller LB Casein protein 10 g/
NaCl 10 g/
Yeast extract 5 g/L
Dubelco’s1X PBS KCl 0.2 g/l
KH,PO, 0.2 gL
NaCl 8 g/l
Na,HPO,*7H,O 2.16 g/L
DEK Media KH,PO, 9 g/l
(NH,),HPO, 4 g/L
Citric acid*H,0O 1.86 g/L
Yeast extract 5 g/L
Biospumex 153K 0.1 mL/L
(Post sterilization)
MgS0,*7H,0 1.2 g/l
Thiamine HCI 4.5 mg/L
Trace elements 10 mL/L
(batch - see below)
Uracil 50 mg/L
Trace elements EDTA 840 mg/L
CoCl,*6H,0 250 mg/L
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TABLE 1-continued

Media and Buffers

Media/Buffer Ingredient Amount
MnCl,*4H,0 1500 mg/L
CuClL,*2H,0 150 mg/L
H;3BO,; 300 mg/L
Na,Mo0,*2H,0 250 mg/L
Zn(CH;CO0),*2H,0 1300 mg/L
Fe(III) Citrate 10000 mg/L

EXAMPLE 1

Density Gradient Separation of Uninduced E. coli
Cells from Induced E. coli Cells Expressing the POI
as Inclusion Bodies

This example describes a method for separating E. coli
cells producing a peptide of interest (POI) that accumulates as
inclusion bodies from those cells lacking inclusion bodies.
The method of separating these populations of cells is based
ontheir differences in buoyant density. PERCOLL™ (Sigma-
Aldrich) was chosen as the density gradient medium because
of its non-toxic nature, low viscosity at high concentrations,
and its self-forming gradient properties.

In order to reach high production yield and reduce separa-
tion costs, peptides of interest were produced to accumulate
in the form of insoluble inclusion bodies (i.e., “IB”) in E. coli
production hosts. Inclusion body promoting sequences
referred to as inclusion body tags (“IBT”’) were usually fused
to the N-terminus of the POI to direct peptide accumulation
into inclusion bodies. An acid cleavable site consisting of an
aspartic acid-proline pair (i.e., DP) was introduced between
the inclusion body promoting sequence and the POI in order
to facilitate the release of the POI from the IB. Following are
the strains used in this study; 1) QC1100: KK2000 AslyD, 2)
QC1525: KK2000 AslyD containing plasmid pDCQ523
(SEQ ID NO:144), which expresses the genetic construct
encoding IBT139(5C)-CCPGCC-HC415 (SEQ ID NO:146)
peptide (~28 kDa) under araBAD promoter (SEQ ID
NO:148), 3) QC1101: KK2000 AslyD containing plasmid
pLR199 (SEQ ID NO:141), which expresses IBT139-
CCPGCC-HC124 peptide (SEQ ID NO: 143) (~28 kDa)
under araBAD promoter (SEQ ID NO: 148). KK2000 is a
derivative of E. coli MG1655 (ATCC® 47076) that contained
the deletion of the endogenous araBAD genes. IBT139(5C) is
in an inclusion body tag derived from IBT139 where an
effective number of cross-linkable cysteine residues (5
resides) was inserted into inclusion body tag IBT139 (see
co-owned U.S. Patent Application Publication 2009-
0043075A to Alsop et al.; hereby incorporated by reference in
its entirety).

QC1525 cells were grown overnight in LB medium con-
taining ampicillin (100 pg/ml). QC1525 cells from fresh
overnight cultures were grown until they reached an optical
density (ODg,,) of approximately 0.5-0.7, and were then
inoculated into four flasks, one flask of cells that were grown
but not induced and another 3 flasks of cells that were induced
with 0.02% L-arabinose (Sigma-Aldrich). Induced cells were
incubated for 3.5 h, 21.5 h or 24 h at 37° C. with 250 rpm
shaking speed. Following induction and incubation as
described, the OD, of all four flasks of cells were measured
and cells corresponding to 9 ODy,, (45x10 cells total) were
added to a mix of 30 mLL comprising of 21 mL (70%) PER-
COLL™ (a density gradient-forming composition compris-
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ing non colloidal silica (15-30 nm diameter coated with a
non-dialyzable polyvinylpyrrolidone coating), and LB
medium was added to a final volume of 30 mL and mixed
well. One mL of each mix was centrifuged in 2-mL centrifuge
tubes in a table top centrifuge (Eppendorf, model 5417R) at
14000 rpm for 90 minutes. The distribution of the cells in the
2-mL centrifuge tubes was then photographed.

The uninduced cells showed a single band (FIG. 1a), while
cells induced for 3.5 h, 21.5 h or 24 h showed 2 major bands
including a band lower than that observed in the uninduced
cells (FIGS. 15, 1¢, and 1d, respectively). The remaining 29
ml of each mixed sample was centrifuged in a polycarbonate
tube at 15000 rpm in a SS-34 rotor (~27000xg) at 20° C. for
one hour in a Sorvall RC-5B centrifuge. Polycarbonate tubes
with the density gradient profile of uninduced and induced
cells (3.5h, 21.5h or 24 h) were photographed (FIGS. 24, 25,
2¢, and 2d). Different density gradient profiles were observed
for uninduced and induced cells. The uninduced cells (FIG.
2a) had a major band of cells more towards the meniscus at
the top of the gradient while cells induced for 3.5 h (FIG. 256)
had one faint upper band and one major band (arrow 2)
significantly lower than the band observed in the uninduced
cells. Cells induced for 21.5 h (FIG. 2¢) or 24 h (FIG. 2d)
showed multiple bands all lower than the band seen in unin-
duced cells (FIG. 2a). The bands as indicated in FIGS. 24, 25,
2¢, and 2d were extracted by inserting a sterile syringe from
the top of the centrifuge tubes. To prevent contamination of
cells from one layer to another, a new syringe was used for
every layer. The extracted cells were washed with 1xPBS,
cells were pelleted down at 6500 rpm for 15 minutes, resus-
pended in 1 mL of 1xPBS, and then the OD,, was measured.
Cell samples were normalized to 0.4 OD, to which was added
15 pL of deionized water and 15 pl. of 2xSDS loading dye.
The cells within the resultant mix of each sample were lysed
by heating to 100° C. for 15 min in a heated dry block and
centrifuged briefly. The samples were run on a NUPAGE®
4-12% Bis-Tris gel with the SEEBLUE® Plus2 pre-stained
standard (Invitrogen). At the end of the run the gel was rinsed
with water, stained with SIMPLYBLUE™ (Invitrogen) and
destained with deionized water. A band corresponding to a
~28 kDa protein was observed in cells extracted from lower
band of the induced cells (FIG. 3, bands 2, 5, and 8). The ~28
kDa band was absent in uninduced cells and the upper layers
from induced cells (FIG. 3, bands 1, 3, 4, 6, and 7). Therefore,
this density gradient centrifugation method can be utilized for
the separation of uninduced cells from induced cells express-
ing a polypeptide of interest (POI).

EXAMPLE 2

Density Gradient Separation of Induced F. coli Cells
Producing Different Inclusion Bodies

This example illustrates that cells producing different
inclusion bodies can have sufficiently distinct buoyant densi-
ties to permit separation on density gradients.

The density gradient band profile of QC1101 cells (Strain
QC1101: KK2000 AslyD containing plasmid pl.R199 (SEQ
ID NO: 141), which expresses IBT139-CCPGCC-HC124
(SEQ ID NO: 143) under control of an araBAD promoter
(SEQ ID NO:148) were compared with the QC1525 cells
described above, which express IBT139(5C)-CCPGCC-
HC415 (SEQ ID NO: 146) peptide. Both E. coli strains were
grown overnight in LB medium containing ampicillin (100
ng/mL). The following morning, QC1101 and QC1525 cells
were respectively sub-cultured into LB flasks containing car-
benicillin (100 pg/mL). One batch each of QC1101 and
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QC1525 cells was induced with 0.02% [-arabinose (Sigma-
Aldrich) at OD,,~0.5-0.7, while a batch of QC1101 cells
was not induced (control). All three flasks of cells were grown
for 22 hours following the time of induction and the OD,,
was monitored.

As previously described a total of 9 ODy, (approximately
45x10® cells total) cells of each of the above described
samples were individually added to their respective tubes
containing 21 mL (70%) PERCOLL™ in 0.9% NaCl fol-
lowed by LB media to a total volume of 30 mL.. In addition to
QC1101 uninduced (QC1101 U), QC1101 induced (QC1101
1), and QC1525 (QC15251) induced samples, another sample
was prepared by mixing QC1101 induced cells and QC1525
induced cells (QC1101 1+QC1525 I) and added to a tube
containing 21 mL (70%) PERCOLL™, 0.9% NaCl in a total
volume of 30 mL. All samples were mixed well and trans-
ferred to polycarbonate centrifuge tubes and centrifuged as
described above. The tubes after centrifugation were digitally
photographed and bands corresponding to the cells were
compared (FIGS. 4q, 46, 4c¢, and 4d).

QC1101 uninduced cells showed a major band towards the
top of the gradient (FIG. 4a; arrow 1) while QC1101 induced
cells showed 2 prominent bands, upper and lower (FIG. 4b;
arrows 2 and 3). QC1525 induced cells also showed 2 bands,
anupper band (arrow 4) that is much fainter than the QC1101
induced sample and a lower band (arrow 5) that is lower than
lower band seen in QC1101 induced cells (FIG. 4¢). The
sample which had both QC1101 induced and QC1525
induced cells mixed together had an intermediate profile
matching QC1101 induced and QC1525 induced cells (FIG.
4d). The three bands (FIG. 4d; arrows 6, 7, and 8) character-
istic of QC1101 and QC1525 induced cells were all clearly
distinguishable indicating that the separation of the three
bands was based on the respective buoyant densities of the
cell samples.

Bands as indicated in FIGS. 4a, 4b, 4c, and 4d were
extracted by inserting a sterile syringe from top and processed
as described earlier in Example 1. A band corresponding to
the ~28 kDa POI was observed in cells extracted from lower
band of the QC1101 induced cells, while no bands were seen
in upper band of QC1101 induced or QC1101 uninduced
cells. A band corresponding to the ~28 kDa POI was seen in
cells extracted from the lower band of induced QC1525 cells,
while no protein specific band was visualized from upper
band of QC1525 induced cells. QC1525 induced cells had
higher buoyant density compared to QC1101 induced cells
and could be separated on density gradient as seen in density
gradient pattern of the mixed sample containing both
QC1101 induced and QC1525 induced cells (FIG. 4d). This
was confirmed by the SDS-PAGE pattern of the same. In
order to quantify the difference in buoyant density, the experi-
ment was repeated with custom synthesized density marker
beads (American density Material Inc., VA, USA) for
approximating the densities of specific points of buoyant
density that correspond to those of QC1101 and QC1525.

The buoyant density of QC1101 uninduced cells was
~1.082 g/mL,, while the upper band of QC1101 induced cells
had buoyant density of ~1.103 g/mlL and lower band had a
buoyant density of ~1.118 g/mL.. QC1525 induced cells had
buoyant density of ~1.126 g/mL for the major lower band.
One milliliter of each of the above 4 samples, (i.e., QC1101
uninduced, QC1101 induced, QC1525 induced, and mixed
samples of QC1101 induced and QC1525 induced) were
mixed with 70% PERCOLL™, LB media, and 0.9% NaCl
and centrifuged in microcentrifuge tubes as described in
Example 1. It was demonstrated that cells with different
inclusion bodies (i.e., induced QC1101 cells) could be distin-
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guished from induced QCI1525 cells, thus allowing the
method to be applied for larger scale density gradient screen-
ing.

EXAMPLE 3

Generation of BL.21 Genomic DNA Library to
Identify Genes that May Increase Buoyant Density
of E. coli Cells Producing HC124

To identify genes that can increase the buoyant density of
E. coli cells, genomic DNA library from E. co/i BL.21 strain
was constructed. Genomic DNA fragments of approximately
2 to 3 kb in size were obtained from E. coli BL21 strain by
partial digestion of the BL.21 genomic DNA with Tas I restric-
tion enzyme at a non-ideal temperature (to prevent complete
digestion) of 55° C. for 50 minutes. The digested fragments
were subjected to agarose gel electrophoresis alongside a
DNA molecular weight ladder. Agarose slices containing
genomic DNA fragments corresponding in size to approxi-
mately 2 to 3 kb were excised from gel and the DNA therein
eluted.

Vector pDCQ601 (SEQ ID NO: 159) was digested with 5
units of EcoRI (NEB, USA) at 37° overnight. The 5.3 kb
fragment corresponding to EcoRI digested plasmid was
eluted from an agarose gel. The eluted EcoRI digested plas-
mid was treated with Antarctic phophatase (New Engand
Biolabs, USA) for 1 hour at 37° C., followed by heat inacti-
vation of the Antarctic phophatase by incubating the reaction
mix at 65° C. for 5 minutes. The reaction mix was cleaned by
using DNA Cleanup Kit (Zymo Research, USA). Aliquots of
the eluates of both EcoRI digested and phosphatase treated
vector and the Tas I digested genomic DNA (2-3 Kb frag-
ments) were combined for ligation using Roche Rapid DNA
Ligation Kit (Roche, USA). The ligation reaction used vector
ends and insert ends ratio of 1:3 at 24° C. for 15 min in a total
volume of 21 ulL..

An aliquot of 10 pLL of the ligation mix was used to trans-
form CBS alpha competent cells (Chromous Biotech, Banga-
lore, India; Catalog #PCR 16-NP) which were then plated on
4 different LB Kan plates. An average of 2000 colonies per
plate was obtained. Additional ligations were done in four
batches and four plasmid pools of approximately 15000 colo-
nies each were prepared and transformed into QC1101 elec-
trocompetent cells to have ~10-fold coverage of the E. coli
BL21 genome. Thirty colonies from transformed QC1101
cells were randomly picked and tested for ~2-3 Kb inserts by
colony PCR using PBHR1F (SEQID NO: 162) and PBHR1R
(SEQ ID NO: 163) primers in the following manner. Random
colonies were picked from LB*"7*5%* plates and were lysed
by heating at 95° C. for 5 min. Standard PCR was performed
with annealing temperature of 55° C. for 30 sec and extension
temperature of 72° C. for 3.5 min. All colonies were found to
have ~2-3 kb inserts. Sequencing of greater than 30 plasmids
isolated from these colonies revealed that all of them had
unique DNA inserts. The BL.21 genomic DNA library with
2-3 kb insert size (designated as RK1) was used to screen for
genes that can increase the buoyant density of . coli cells that
are synthesizing polypeptides that accumulate in the form of
inclusion bodies.

EXAMPLE 4

Density Gradient Sorting of Inclusion Bodies is
Influenced by Genes Obtained from a BL.21
Genomic DNA Library and Introduced into

Inclusion Body-Expressing E. coli Cells

To screen and identify genes that can increase the buoyant
density of E. coli that contain inclusion bodies, QC1101 cells

20

35

40

45

60

65

30

that harbor plasmid pLR199 (SEQ ID NO: 141), which
expresses the genetic construct encoding IBT139-CCPGCC-
HC124 (SEQ ID NO: 142) under the araBAD (SEQ ID NO:
148) promoter and transformed with pDCQ601 plasmid
library pools of 2-3 Kb BL.21 genomic DNA fragments (RK1
library) were grown overnight in LB medium containing 100
pg/ml. ampicillin, 50 pg/ml. kanamycin. The following
morning, the RK1-transformed cells were freshly inoculated
into 2 flasks of LB medium containing 100 ng/ml. carbeni-
cillin, 50 pg/ml. kanamycin and grown to an ODg, of ~0.6.
One flask of cells was induced with 0.02% L-arabinose while
the other flask was used as an uninduced control. Cells were
grown for 5 hours following induction and ODy,, of both the
flasks of cells was measured. Cells corresponding to 9 OD,,
(45x10°® cells total) were added to a mix of 30 mL volume
comprising of 21 mL (70%) PERCOLL™, 0.9% NaCl and
rest of the volume was made up with LB medium. A density
marker sample with varying density marker beads (American
Density Materials Inc.) was prepared similarly. All the
samples were mixed well and spun at 15000 rpm (approxi-
mately 27000xg) in a SS-34 rotor at 20° C. for one hour in
Sorvall centrifuge in polycarbonate tubes. Following cen-
trifugation the tubes were digitally photographed.

In comparison with control (i.e., uninduced cells) which
had a single band upwards towards the meniscus with buoyant
density of ~1.094, induced cells had 2 bands, an upper band
with buoyant density of ~1.106 and a lower band which was
significantly lower than the band seen in uninduced cells with
a buoyant density of ~1.120. All bands were aspirated out
with sterile 10-mL syringes and washed with 1xPBS by cen-
trifuging at 6500 rpm at 4° C. for 15 min and OD,, was
taken. ODy, of the extracted cells was normalized. Cell
lysates from the uninduced and induced samples were elec-
trophoresed on 4-12% bis-tris gel as described in Example 1.

The lower band corresponded to cells having intracellular
inclusion body was confirmed by SDS-PAGE. Cells extracted
from the lower band of RK1 induced cells from the density
gradient were used as the inoculum for the next round of
growth and sorting. Four more sorting cycles for a total of 5
rounds of sorting were performed. Cells from each sorting
cycle were plated onto LB*™7*%4"* plate and 20 random
colonies were picked for DNA sequencing and for micro
density gradient centrifugation. One of the colonies in the
fifth sort, colony 181, demonstrated increased buoyant den-
sity in the micro density gradient. The sequence of the insert
(SEQ ID NO: 152) identified the region to be an approxi-
mately 2 Kb genomic DNA insert containing ysaB, glyQ, and
partial glyS genes (FIG. 5). The vector housing the BL.21
library, pDCQ601, did not provide a heterologous promoter
in an orientation that would account for the expression of the
insert containing ysaB, glyQ, and partial glyS genes. Accord-
ingly, it is believed that the insert contains one or more endog-
enous promoters in addition to the nucleotide sequences
encoding the YsaB (a conserved hypothetical protein), GlyQ
(glycyl-tRNA synthetase; subunit alpha) and partial GlyS
(glycyl-tRNA synthetase; beta subunit) polypeptides.

A density gradient was set up with control strain QC1101,
two other candidates from sort 3 (colony 127 and colony 145)
and colony 181 (sort 5) were grown and induced along with
uninduced QC1101 cells as control as described earlier in the
Example 3. All samples, i.e., QC1101 uninduced cells (FIG.
6a; 0C1101-U),QC1101 induced cells (FIG. 65; QC1101-1),
colony 127 induced cells (FIG. 6¢; Col-127 1), colony 145
induced cells (FIG. 6d; Coli-145_I), and colony 181 induced
cells (FIG. 6e; Col-181__1) were subjected to a density gra-
dient separation as described earlier. Density gradient beads
were also subjected to a density gradient (FIG. 6/). QC1101
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induced cells had two bands of cells with buoyant density of
~1.098 g/mL and ~1.118 g/mL) (FIG. 6b; arrows 2 and 3),
while colony 181 induced cells had a single band with buoy-
ant density of ~1.125 g¢/mL) (FIG. 6¢; arrow 8) confirming the
increase in the buoyant density of E. co/i cells with the DNA
insert comprising ysaB, glyQ, and partial glyS genes. Cells
from each of the cultures of QC1101 uninduced cells,
QC1101 induced cells, colony 127 induced cells, colony 145
induced cells, and colony 181 induced cells were normalized
by ODy,, and following lysis and electrophoresis were exam-
ined for band intensity corresponding to ~28 kDa band of
interest by densitometry in Bio-Rad densitometer. An
increase of ~34% in ~28 kDa POI was noted in colony 181
induced cells in comparison to induced QC1101 cells (FIG. 7,
lane 3 and lane 8).

It was then determined whether or not this increased buoy-
ant density was a result of having the DNA insert (comprising
ysaB, glyQ, and partial glyS gene (SEQ ID NO: 152)). Vector
pDCQ601 (SEQ ID NO: 159) carrying a ~2 Kb DNA insert
(ysaB, glyQ, partial glyS gene as explained above) and
pLR199 (SEQ ID NO: 141) were extracted from colony 181
induced cells by standard plasmid extraction methods. The
vector and plasmid were transformed into new QC1100 host
cells that lack both of the above described plasmids. The
transformed QC1100 strain, along with QC1101 induced and
uninduced controls were checked for changes in buoyant
density and peptide expression. QC1101 was grown and
induced exactly as described earlier as a control. Uninduced
and induced QC1101 cells along with transformed QC1100
induced cells were subjected to a density gradient. The
increase in buoyant density was evident in transformed
QC1100 cells in comparison to induced QC1101 and unin-
duced QC1101. SDS-PAGE of cell lysates from these
samples revealed an increase of ~34% in ~28 kDa POI in
QC1100 transformed with the plasmids validating that the
BL21 genomic region comprising ysaB, glyQ and partial
glyS (SEQ ID NO: 152) was responsible for conferring the
phenotype of heavier buoyant density to E. coli cells.

EXAMPLE 5

Density Gradient Sorting of a Knock-Out Library to
Identify Genes Altering the Buoyant Density of
Inclusion Body-Expressing E. coli Cells

To screen for gene knockouts that may increase buoyant
density of inclusion body producing cells, a gene knockout
library was made by pooling the individual gene deletions of
E. coliinthe Keio collection (Baba, T., et al., supra). The Keio
collection is essentially a library of non-lethal in-frame single
gene knockouts.

The plasmid which expresses the genetic construct encod-
ing IBT139(5C)-CCPGCC-HC415 (SEQ ID NO: 145) under
araBAD promoter (SEQ ID NO: 148) was transformed into
the pooled Keio deletion strains. The transformed cells were
plated on LB plates with carbenicillin 100 pg/ml.. All the
colonies grown on carbenicillin selection plates were scraped
off and resuspended in DEK medium with carbenicillin 100
ng/mL. This suspension was diluted to an ODg,, ~4 and used
to inoculate 10 mL of fresh DEK medium with carbenicillin
100 pg/ml.. The cultures were grown at 37° C. with shaking
for 2 hours until an OD,, ~1.5 was reached. The cells were
induced with 0.2% L-arabinose for 3 hours. Six milliliters of
the induced cultures were diluted with 3 mL of fresh DEK
medium and mixed with 21 m[L of PERCOLL™ to make the
final volume of 30 mL. The mixture was centrifuged at
27,000xg for 1 hour at 18° C. The cells from the bottom

15

20

30

40

45

32

one-third of the band on density gradient were recovered
using a 1-mlL pipette. The cells were washed twice with 35
ml of phosphate buffered saline (PBS) and resuspended in
fresh DEK medium with 100 pg/ml carbenicillin and were
used as the seed culture for the next round of enrichment. A
total of three rounds of enrichment of denser inclusion body-
producing cells were performed. At the end of the third round,
the recovered cells were diluted and plated on LB medium
with 100 pg/mL. carbenicillin plates. Colonies were randomly
picked for sequencing to identify the gene mutation. Eight
clones with multiple hits were selected to be tested by density
gradient centrifugation. The eight individual isolates (F1, B3,
C6, F1, A12, B11, D2, and E4) were grown in L.B medium
with carbenicillin (100 pg/ml.) and kanamycin (25 pg/ml.)
together with the control; wild type strain BW25113 (FIG. 8;
“BW?) containing the same inclusion body producing plas-
mid) in LB medium with carbenicillin (100 pg/mL) till ODy,
~0.6 and induced with 0.2% L-arabinose for approximately
17 hours. Normalized concentrations of whole cells were
loaded in 70% PERCOLL™ in microfuge tubes.

In addition, whole cells were frozen at —=80° C. and subse-
quently lysed using Celytic Express (Sigma-Aldrich, St
Louis, Mo.) for 1 hour at 37° C. The crude inclusion body
preparations obtained from the lysed cells were also loaded in
70% PERCOLL™ in microfuge tubes. The microfuge den-
sity gradient samples were centrifuged at 15,000xg for 90
min. After centrifugation, the samples were taken out and
photographed as shown in FIG. 8. The top panel (WC) shows
the whole cell samples which had wider density gradient
bands than were previously observed. The lower panel (IB)
shows the banding of the crude inclusion body samples
obtained from the corresponding whole cell samples shown
directly above (panel WC). The IB bands clearly demonstrate
more discrete density gradient bands than the whole cells in
FIG. 8. As shown for both the cell bands and the IB bands,
isolates F1 and A12 showed increased density when com-
pared to the respective controls (FIG. 8, BW).

The two positive hits were repeated as described above.
Additional IB samples were prepared from 3.5 mL of induced
cultures by freeze-thawing and lysing with Celytic for 1 hour
at 37° C. The crude 1B preparation was loaded onto 70%
PERCOLL™ in the 30-mlL large centrifuge tubes and centri-
fuged at 27,000xg for 60 min. Both isolates exhibited denser
inclusion bodies than the control. Sequencing of the two
isolates showed that they contained the gltA deletion (AgltA).
GRA is encoded by the polynucleotide SEQ ID NO: 164
encoding citrate synthase (SEQ ID NO: 165).

It was also determined whether or not additional deletions,
especially deletions neighboring the gltA deletion, would
also confer increased buoyant density to induced cells and
their corresponding inclusion bodies. The JW0710 strain
(Baba et al., supra) containing the gltA deletion and the
JWO0709 strain containing the adjacent ybgD deletion from
the Keio collection were transformed with the peptide pro-
duction plasmid. Duplicates of these two cultures and the
control were grown and induced as describe above. The
whole cells (FIGS. 956 and 9¢) and the crude inclusion bodies
(FIGS. 9¢ and 9f) from these cultures were analyzed by den-
sity gradient centrifugation. A set of beads were used as
density standards to determine the buoyant density values
(FIGS. 9a and 9d). The buoyant density of the control cells
had a wider distribution of about 1.08-1.09 (FIG. 95). The
buoyant density of the AgltA cells was estimated to be about
1.115 (FIG. 9c¢). The buoyant density of the inclusion body
from the control was approximately 1.121 (FIG. 9¢) and the
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buoyant density of the inclusion body from the AgltA cells
was approximately 1.142. Results confirmed that the cells
and the inclusion bodies from the AgltA strain showed
increased buoyant density than the control strain, whereas the
cells and the inclusion bodies from the AybgD strain showed
similar buoyant densities as the control strain and the corre-
sponding IBs.

34
The induced cultures were also loaded on SDS-PAGE gel
and analyzed. Similar amounts of peptide were produced
from all these strains. The results show that more dense inclu-
sion bodies (not more inclusion body) were produced in the
AgltA strain and that this was indeed due to the deletion of the
gltA gene.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 165

<210> SEQ ID NO 1

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 1

Arg Val Pro Asn Lys Thr Val Thr Val Asp Gly Ala
1 5 10

<210> SEQ ID NO 2

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 2

Asp Arg His Lys Ser Lys Tyr Ser Ser Thr Lys Ser
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 3

Lys Asn Phe Pro Gln Gln Lys Glu Phe Pro Leu Ser
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 4

Gln Arg Asn Ser Pro Pro Ala Met Ser Arg Arg Asp
1 5 10

<210> SEQ ID NO 5

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 5
Thr Arg Lys Pro Asn Met Pro His Gly Gln Tyr Leu

1 5 10

<210> SEQ ID NO 6
<211> LENGTH: 12
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<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 6

Lys Pro Pro His Leu Ala Lys Leu Pro Phe Thr Thr
1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 7

Asn Lys Arg Pro Pro Thr Ser His Arg Ile His Ala
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 8

Asn Leu Pro Arg Tyr Gln Pro Pro Cys Lys Pro Leu
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 9

Arg Pro Pro Trp Lys Lys Pro Ile Pro Pro Ser Glu
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide

<400> SEQUENCE: 10

Arg Gln Arg Pro Lys Asp His Phe Phe Ser Arg Pro
1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Hair-binding peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Xaa = Thr or Pro
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: Xaa = Thr or Pro

<400> SEQUENCE: 11
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Ser Val Pro Asn Lys Xaa Val Thr Val Asp Gly Xaa
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 12

Thr Pro Phe His Ser Pro Glu Asn Ala Pro Gly Ser Lys
1 5 10

<210> SEQ ID NO 13

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 13

Thr Pro Phe His Ser Pro Glu Asn Ala Pro Gly Ser Gly Gly Gly Ser
1 5 10 15

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 14

Thr Pro Phe His Ser Pro Glu Asn Ala Pro Gly Ser Gly Gly Gly Ser
1 5 10 15

Ser

<210> SEQ ID NO 15

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 15

Thr Pro Phe His Ser Pro Glu Asn Ala Pro Gly Ser Gly Gly Gly
1 5 10 15

<210> SEQ ID NO 16

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 16

Phe Thr Gln Ser Leu Pro Arg
1 5

<210> SEQ ID NO 17

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide
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<400> SEQUENCE: 17

Lys Gln Ala Thr Phe Pro Pro Asn Pro Thr Ala Tyr
1 5 10

<210> SEQ ID NO 18

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 18

His Gly His Met Val Ser Thr Ser Gln Leu Ser Ile
1 5 10

<210> SEQ ID NO 19

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 19

Leu Ser Pro Ser Arg Met Lys
1 5

<210> SEQ ID NO 20

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 20

Leu Pro Ile Pro Arg Met Lys
1 5

<210> SEQ ID NO 21

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 21

His Gln Arg Pro Tyr Leu Thr
1 5

<210> SEQ ID NO 22

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Skin-binding peptide

<400> SEQUENCE: 22

Phe Pro Pro Leu Leu Arg Leu
1 5

<210> SEQ ID NO 23

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nail binding peptide

<400> SEQUENCE: 23
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Ala Leu Pro Arg Ile Ala Asn Thr Trp Ser Pro Ser
1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nail binding peptide

<400> SEQUENCE: 24

Tyr Pro Ser Phe Ser Pro Thr Tyr Arg Pro Ala Phe
1 5 10

<210> SEQ ID NO 25

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 25

Asp Glu Cys Met Glu Pro Leu Asn Ala Ala His Cys Trp Arg
1 5 10

<210> SEQ ID NO 26

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 26

Asp Glu Cys Met His Gly Ser Asp Val Glu Phe Cys Thr Ser
1 5 10

<210> SEQ ID NO 27

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 27

Asp Leu Cys Ser Met Gln Met Met Asn Thr Gly Cys His Tyr
1 5 10

<210> SEQ ID NO 28

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 28

Asp Leu Cys Ser Ser Pro Ser Thr Trp Gly Ser Cys Ile Arg
1 5 10

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 29
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Asp Pro Asn Glu Ser Asn Tyr Glu Asn Ala Thr Thr Val Ser Gln Pro
1 5 10 15

Thr Arg His Leu
20

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 30

Glu Pro Thr His Pro Thr Met Arg Ala Gln Met His Gln Ser Leu Arg
1 5 10 15

Ser Ser Ser Pro
20

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 31

Gly Asn Thr Asp Thr Thr Pro Pro Asn Ala Val Met Glu Pro Thr Val
1 5 10 15

Gln His Lys Trp
20

<210> SEQ ID NO 32

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 32

Asn Gly Pro Asp Met Val Gln Ser Val Gly Lys His Lys Asn Ser
1 5 10 15

<210> SEQ ID NO 33

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth pellicle-binding peptide

<400> SEQUENCE: 33

Asn Gly Pro Glu Val Arg Gln Ile Pro Ala Asn Phe Glu Lys Leu
1 5 10 15

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 34

Trp Cys Thr Asp Phe Cys Thr Arg Ser Thr Pro Thr Ser Thr Ser Arg
1 5 10 15

Ser Thr Thr Ser
20
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<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 35

Ala Pro Pro Leu Lys Thr Tyr Met Gln Glu Arg Glu Leu Thr Met Ser
1 5 10 15

Gln Asn Lys Asp
20

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 36

Glu Pro Pro Thr Arg Thr Arg Val Asn Asn His Thr Val Thr Val Gln
1 5 10 15

Ala Gln Gln His
20

<210> SEQ ID NO 37

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 37

Gly Tyr Cys Leu Arg Gly Asp Glu Pro Ala Val Cys Ser Gly
1 5 10

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 38

Leu Ser Ser Lys Asp Phe Gly Val Thr Asn Thr Asp Gln Arg Thr Tyr
1 5 10 15

Asp Tyr Thr Thr
20

<210> SEQ ID NO 39

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 39
Asn Phe Cys Glu Thr Gln Leu Asp Leu Ser Val Cys Thr Val

1 5 10

<210> SEQ ID NO 40
<211> LENGTH: 14
<212> TYPE: PRT
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<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 40

Asn Thr Cys Gln Pro Thr Lys Asn Ala Thr Pro Cys Ser Ala
1 5 10

<210> SEQ ID NO 41

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 41

Pro Ser Glu Pro Glu Arg Arg Asp Arg Asn Ile Ala Ala Asn Ala Gly
1 5 10 15

Arg Phe Asn Thr
20

<210> SEQ ID NO 42

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 42

Thr His Asn Met Ser His Phe Pro Pro Ser Gly His Pro Lys Arg Thr
1 5 10 15

Ala Thr

<210> SEQ ID NO 43

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 43

Thr Thr Cys Pro Thr Met Gly Thr Tyr His Val Cys Trp Leu
1 5 10

<210> SEQ ID NO 44

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Tooth enamel-binding peptide

<400> SEQUENCE: 44

Tyr Cys Ala Asp His Thr Pro Asp Pro Ala Asn Pro Asn Lys Ile Cys
1 5 10 15

Gly Tyr Ser His
20

<210> SEQ ID NO 45

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 45
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Phe Ala Lys Lys Leu Ala Lys Lys Leu Leu
1 5 10

<210> SEQ ID NO 46

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 46

Phe Ala Lys Leu Leu Ala Lys Leu Ala Lys Lys Val Leu
1 5 10

<210> SEQ ID NO 47

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 47

Lys Tyr Lys Lys Ala Leu Lys Lys Leu Ala Lys Leu Leu
1 5 10

<210> SEQ ID NO 48

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 48

Phe Ala Leu Leu Lys Ala Leu Leu Lys Lys Ala Leu
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 49

Lys Arg Leu Phe Lys Lys Leu Lys Phe Ser Leu Arg Lys Tyr
1 5 10

<210> SEQ ID NO 50

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 50

Lys Arg Leu Phe Lys Lys Leu Leu Phe Ser Leu Arg Lys Tyr
1 5 10

<210> SEQ ID NO 51

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antimicrobial peptide

<400> SEQUENCE: 51

Leu Leu Leu Phe Leu Leu Lys Lys Arg Lys Lys Arg Lys Tyr
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Clay-binding peptide

SEQUENCE: 52

Gly His Gly Ser Pro Ser Asn Ser His His Gly Ser Lys Lys Cys Asp

1

Met Gly Asn Ser Arg Ala Lys Cys Lys Arg Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 53

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Clay-binding peptide

SEQUENCE: 53

Ser Asp Arg His Asn Leu Arg Asn Ser Trp Ser Ile Ser Arg His Cys

1

Arg Arg Lys Gln Gly Arg Cys Leu Pro Ala His

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 54

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Clay-binding peptide

SEQUENCE: 54

Lys Lys Ser Asn Lys Gly His His Pro Ser Ser Lys Gly Lys Gly Pro

1

Pro Trp Ser Glu Trp Asp Lys Lys Asn Gly Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 55

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Clay-binding peptide

SEQUENCE: 55

Lys Lys Ser Asn Lys Gly Pro His Pro Ser Ser Lys Gly Lys Gly Pro

1

Pro Trp Ser Glu Trp Asp Lys Lys Asn Gly Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 56

LENGTH: 22

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Clay-binding peptide

SEQUENCE: 56

Val Gly Arg His His Ser Lys Ala Lys Gln Lys Arg Pro His Gly Gly

1

5

15
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Lys Gly Gln Asn Lys Asn
20

<210> SEQ ID NO 57

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Clay-binding peptide

<400> SEQUENCE: 57

Val Gly Arg His His Pro Lys Ala Lys Gln Lys Arg Pro His Gly Gly
1 5 10 15

Lys Gly Gln Asn Lys Asn
20

<210> SEQ ID NO 58

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Clay-binding peptide

<400> SEQUENCE: 58

Gly Arg Arg Pro Arg Ala Arg Gly Arg Ser Arg Arg Gly Ser Thr Lys
1 5 10 15

Thr

<210> SEQ ID NO 59

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Clay-binding peptide

<400> SEQUENCE: 59

Leu Gly Val Ile Arg Asn His Val Val Arg Gly Arg Arg His His Gln
1 5 10 15

His Val Arg

<210> SEQ ID NO 60

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Clay-binding peptide

<400> SEQUENCE: 60

Gln Pro Gly Arg Pro Thr Glu Val His Pro Glu Leu Val Arg Lys Ser
1 5 10 15

Ala Tyr Leu Val Asn Pro Ser Glu Asp Ile Arg
20 25

<210> SEQ ID NO 61

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Clay-binding peptide

<400> SEQUENCE: 61

His Arg Ser Glu Lys Pro Lys Asn Val Lys Tyr Lys Arg Gly Tyr Trp
1 5 10 15

Glu Arg Gly Asn Gln Lys Lys His Gly Pro Gly
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

Val Gly Arg Gln Ala Glu Leu Glu His Leu Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20 25

SEQ ID NO 62

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Clay-binding peptide

SEQUENCE: 62

20 25

SEQ ID NO 63

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

Gly Ser His Lys Arg Arg Gly Ser Tyr Ala Leu Leu Arg Thr Arg Gly
5

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 63

Arg Asn Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Thr

1

Val His Asn Thr Lys Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 64

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 64

Arg Asn Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Thr

1

Val His Asn Thr Lys Ser Arg Ala Lys His Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 65

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 65

Arg Asp Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Thr

1

Val His Asn Thr Lys Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 66

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 66

Arg Asn Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Thr

1

5

15
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Val His Ser Thr Lys Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20 25

SEQ ID NO 67

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 67

Arg Asn Asn Lys Gly Ser Arg Lys Val Asp Asp Lys Arg Arg Lys Thr

1

Val His Asn Thr Lys Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 68

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 68

Arg Asn Asn Lys Gly Ser Lys Lys Ala Asp Asp Lys Arg Arg Lys Thr

1

Val His Ser Thr Lys Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 69

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 69

Arg Asn Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Ala

1

Val His Asn Lys Lys Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 70

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 70

Arg Asn Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Thr

1

Val His Asn Thr Arg Ser Arg Ala Lys Tyr Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

20 25

SEQ ID NO 71

LENGTH: 27

TYPE: PRT

ORGANISM: artificial sequence
FEATURE:

15

OTHER INFORMATION: Calcium carbonate binding peptide

SEQUENCE: 71

Arg Asn Asn Lys Gly Ser Lys Lys Val Asp Asp Lys Arg Arg Lys Thr

1

5

15
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Val His Asn Thr Lys Ser Arg Ala Lys Phe Ser
20 25

<210> SEQ ID NO 72

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Calcium carbonate binding peptide

<400> SEQUENCE: 72

Gln Arg Arg Lys Leu Arg His Pro Lys Glu Lys Trp Phe Gly Trp Ser
1 5 10 15

Glu Lys Lys Val Ile Lys Lys Trp Ser Arg Lys
20 25

<210> SEQ ID NO 73

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Calcium carbonate binding peptide

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: Xaa = any naturally occurring amino acid

<400> SEQUENCE: 73

Gln Arg Arg Lys Phe Arg His Pro Lys Glu Lys Trp Phe Gly Trp Ser
1 5 10 15

Glu Lys Lys Val Ile Lys Xaa Asn Gly Arg Pro
20 25

<210> SEQ ID NO 74

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Calcium carbonate binding peptide

<400> SEQUENCE: 74

His Lys Arg Leu Val Gln Asn Lys Pro His Arg Thr Arg Lys Ile Glu
1 5 10 15

Gly Trp Ile Lys His Met Val Lys Arg Gln His
20 25

<210> SEQ ID NO 75

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Calcium carbonate binding peptide

<400> SEQUENCE: 75

Thr Arg Gly His Ile Met Arg Pro Cys Trp Ile Gly Ala Met Lys Gln
1 5 10 15

Gly Val Lys Lys Lys Arg Thr Pro Gly Trp Arg
20 25

<210> SEQ ID NO 76

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptides
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62

<400> SEQUENCE: 76

Thr Ser Asp Ile Lys Ser Arg Ser Pro His His Arg
1 5 10

<210> SEQ ID NO 77

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptide

<400> SEQUENCE: 77

His Thr Gln Asn Met Arg Met Tyr Glu Pro Trp Phe
1 5 10

<210> SEQ ID NO 78

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptide

<400> SEQUENCE: 78

Leu Pro Pro Gly Ser Leu Ala
1 5

<210> SEQ ID NO 79

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptide

<400> SEQUENCE: 79

Met Pro Ala Val Met Ser Ser Ala Gln Val Pro Arg
1 5 10

<210> SEQ ID NO 80

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptide

<400> SEQUENCE: 80

Asn Gln Ser Phe Leu Pro Leu Asp Phe Pro Phe Arg
1 5 10

<210> SEQ ID NO 81

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptide

<400> SEQUENCE: 81

Ser Ile Leu Ser Thr Met Ser Pro His Gly Ala Thr
1 5 10

<210> SEQ ID NO 82

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polypropylene-binding peptide
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<400> SEQUENCE: 82

Ser Met Lys Tyr Ser His Ser Thr Ala Pro Ala Leu
1 5 10

<210> SEQ ID NO 83

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptides

<400> SEQUENCE: 83

Glu Ser Ser Tyr Ser Trp Ser Pro Ala Arg Leu Ser
1 5 10

<210> SEQ ID NO 84

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 84

Gly Pro Leu Lys Leu Leu His Ala Trp Trp Gln Pro
1 5 10

<210> SEQ ID NO 85

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 85

Asn Ala Leu Thr Arg Pro Val
1 5

<210> SEQ ID NO 86

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 86

Ser Ala Pro Ser Ser Lys Asn
1 5

<210> SEQ ID NO 87

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 87

Ser Val Ser Val Gly Met Lys Pro Ser Pro Arg Pro
1 5 10

<210> SEQ ID NO 88

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 88



US 9,273,336 B2
65

-continued

66

Ser Tyr Tyr Ser Leu Pro Pro Ile Phe His Ile Pro
1 5 10

<210> SEQ ID NO 89

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 89

Thr Phe Thr Pro Tyr Ser Ile Thr His Ala Leu Leu
1 5 10

<210> SEQ ID NO 90

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 90

Thr Met Gly Phe Thr Ala Pro Arg Phe Pro His Tyr
1 5 10

<210> SEQ ID NO 91

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polytetrafluoroethylene-binding peptide

<400> SEQUENCE: 91

Thr Asn Pro Phe Pro Pro Pro Pro Ser Ser Pro Ala
1 5 10

<210> SEQ ID NO 92

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptides

<400> SEQUENCE: 92

His Asn Lys Ser Ser Pro Leu Thr Ala Ala Leu Pro
1 5 10

<210> SEQ ID NO 93

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptide

<400> SEQUENCE: 93

Leu Pro Pro Trp Lys His Lys Thr Ser Gly Val Ala
1 5 10

<210> SEQ ID NO 94

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptide

<400> SEQUENCE: 94
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Leu Pro Trp Trp Leu Arg Asp Ser Tyr Leu Leu Pro
1 5 10

<210> SEQ ID NO 95

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptide

<400> SEQUENCE: 95

Val Pro Trp Trp Lys His Pro Pro Leu Pro Val Pro
1 5 10

<210> SEQ ID NO 96

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptide

<400> SEQUENCE: 96

His His Lys Gln Trp His Asn His Pro His His Ala
1 5 10

<210> SEQ ID NO 97

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptide

<400> SEQUENCE: 97

His Ile Phe Ser Ser Trp His Gln Met Trp His Arg
1 5 10

<210> SEQ ID NO 98

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polyethylene-binding peptide

<400> SEQUENCE: 98

Trp Pro Ala Trp Lys Thr His Pro Ile Leu Arg Met
1 5 10

<210> SEQ ID NO 99

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nylon-binding peptides

<400> SEQUENCE: 99

Lys Thr Pro Pro Thr Arg Pro
1 5

<210> SEQ ID NO 100

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nylon-binding peptide

<400> SEQUENCE: 100

Val Ile Asn Pro Asn Leu Asp
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<210> SEQ ID NO 101

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nylon-binding peptide

<400> SEQUENCE: 101

Lys Val Trp Ile Val Ser Thr
1 5

<210> SEQ ID NO 102

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nylon-binding peptide

<400> SEQUENCE: 102

Ala Glu Pro Val Ala Met Leu
1 5

<210> SEQ ID NO 103

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nylon-binding peptide

<400> SEQUENCE: 103

Ala Glu Leu Val Ala Met Leu
1 5

<210> SEQ ID NO 104

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nylon-binding peptide

<400> SEQUENCE: 104

His Ser Leu Arg Leu Asp Trp
1 5

<210> SEQ ID NO 105

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polystyrene-binding peptide

<400> SEQUENCE: 105

Thr Ser Thr Ala Ser Pro Thr Met Gln Ser Lys Ile Arg
1 5 10

<210> SEQ ID NO 106

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polystyrene-binding peptide

<400> SEQUENCE: 106

Lys Arg Asn His Trp Gln Arg Met His Leu Ser Ala
1 5 10



US 9,273,336 B2
71

-continued

<210> SEQ ID NO 107

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Polystyrene-binding peptide

<400> SEQUENCE: 107

Ser His Ala Thr Pro Pro Gln Gly Leu Gly Pro Gln
1 5 10

<210> SEQ ID NO 108

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: cellulose acetate-binding peptide

<400> SEQUENCE: 108

Ala Thr Thr Pro Pro Ser Gly Lys Ala Ala Ala His Ser Ala Ala Arg
1 5 10 15

Gln Lys Gly Asn
20

<210> SEQ ID NO 109

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: cellulose acetate-binding peptide

<400> SEQUENCE: 109

Asp Thr Ile His Pro Asn Lys Met Lys Ser Pro Ser Ser Pro Leu
1 5 10 15

<210> SEQ ID NO 110

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: cellulose aceteate-binding peptide

<400> SEQUENCE: 110

Asn Gly Asn Asn His Thr Asp Ile Pro Asn Arg Ser Ser Tyr Thr Gly
1 5 10 15

Gly Ser Phe Ala
20

<210> SEQ ID NO 111

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: ARTIFICIAL SEQUENCE

<220> FEATURE:

<223> OTHER INFORMATION: cellulose acetate-binding peptide

<400> SEQUENCE: 111

Ser Asp Glu Thr Gly Pro Gln Ile Pro His Arg Arg Pro Thr Trp
1 5 10 15

<210> SEQ ID NO 112

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Carbon black Binding Peptide
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<400> SEQUENCE: 112

Ser Val Ser Val Gly Met Lys Pro Ser Pro Arg Pro
1 5 10

<210> SEQ ID NO 113

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Carbon black-binding peptide

<400> SEQUENCE: 113

Phe His Glu Asn Trp Pro Ser
1 5

<210> SEQ ID NO 114

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Carbon black Binding Peptide

<400> SEQUENCE: 114

Met Pro Pro Pro Leu Met Gln
1 5

<210> SEQ ID NO 115

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Carbon black Binding Peptide

<400> SEQUENCE: 115

Arg Thr Ala Pro Thr Thr Pro Leu Leu Leu Ser Leu
1 5 10

<210> SEQ ID NO 116

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cromophtal yellow binding peptide

<400> SEQUENCE: 116

Pro His Ala Arg Leu Val Gly
1 5

<210> SEQ ID NO 117

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cromophtal yellow Binding Peptide

<400> SEQUENCE: 117

Asn Ile Pro Tyr His His Pro
1 5

<210> SEQ ID NO 118

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cromophtal yellow Binding Peptide
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<400> SEQUENCE: 118

Thr Thr Met Pro Ala Ile Pro
1 5

<210> SEQ ID NO 119

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cromophtal yellow Binding Peptide

<400> SEQUENCE: 119

His Asn Leu Pro Pro Arg Ser
1 5

<210> SEQ ID NO 120

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cromophtal yellow Binding Peptide

<400> SEQUENCE: 120

Ala His Lys Thr Gln Met Gly Val Arg Gln Pro Ala
1 5 10

<210> SEQ ID NO 121

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sunfast Magenta Binding Peptide

<400> SEQUENCE: 121

Tyr Pro Asn Thr Ala Leu Val
1 5

<210> SEQ ID NO 122

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sunfast Magenta Binding Peptide

<400> SEQUENCE: 122

Val Ala Thr Arg Ile Val Ser
1 5

<210> SEQ ID NO 123

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sunfast Magenta Binding Peptide

<400> SEQUENCE: 123

His Ser Leu Lys Asn Ser Met Leu Thr Val Met Ala
1 5 10

<210> SEQ ID NO 124

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sunfast Magenta Binding Peptide

<400> SEQUENCE: 124
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Asn Tyr Pro Thr Gln Ala Pro
1 5

<210> SEQ ID NO 125

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Sunfast Magenta Binding Peptide

<400> SEQUENCE: 125

Lys Cys Cys Tyr Ser Val Gly
1 5

<210> SEQ ID NO 126

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 126

Ser Arg Arg Pro Arg Gln Leu Gln Gln Arg Gln Ser Arg Arg Pro Arg
1 5 10 15

Gln Leu Gln Gln Arg Gln
20

<210> SEQ ID NO 127

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 127

Ser Arg Arg Pro Arg Gln Leu Gln Gln Arg Gln His His Gln Gln Gln
1 5 10 15

<210> SEQ ID NO 128

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 128

Ser Arg Arg Pro Arg Gln Leu Gln Gln Arg Gln Ser Arg Arg Pro Arg
1 5 10 15

Gln Leu Gln Gln Arg Gln Ser Arg Arg Pro Arg Gln Leu Gln Gln Arg
20 25 30

Gln

<210> SEQ ID NO 129

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 129
Ser Arg Arg Pro Arg Gln Leu Gln Gln Arg Gln

1 5 10

<210> SEQ ID NO 130
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<211> LENGTH: 37

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 130

Ser Arg Arg Pro Arg Gln Leu Gln Gln Arg Gln Asp Pro Ser Arg Arg
1 5 10 15

Pro Arg Gln Leu Gln Gln Arg Gln Asp Pro Ser Arg Arg Pro Arg Gln
20 25 30

Leu Gln Gln Arg Gln
35

<210> SEQ ID NO 131

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 131

Ser Arg Arg Pro Glu Gln Leu Gln Gln Arg Gln Ser Arg Arg Pro Glu
1 5 10 15

Gln Leu Gln Gln Arg Gln
20

<210> SEQ ID NO 132

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 132

Ser Arg Glu Pro Glu Gln Leu Gln Gln Arg Gln Ser Arg Arg Pro Glu
1 5 10 15

Gln Leu Gln Gln Arg Gln
20

<210> SEQ ID NO 133

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 133

Ser Arg Glu Pro Glu Gln Leu Gln Gln Arg Gln Ser Arg Glu Pro Glu
1 5 10 15

Gln Leu Gln Gln Arg Gln
20

<210> SEQ ID NO 134

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 134

Ser Glu Glu Pro Glu Gln Leu Gln Gln Glu Gln Ser Arg Arg Pro Arg
1 5 10 15

Gln Leu Gln Gln Arg Gln
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20

<210> SEQ ID NO 135

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 135

Ser Arg Glu Pro Glu Gln Leu Gln Gln Glu Gln Ser Arg Glu Pro Glu
1 5 10 15

Gln Leu Gln Gln Arg Gln
20

<210> SEQ ID NO 136

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 136

Met Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Arg Gly Gln
1 5 10 15

Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Arg Gly Gln Gln Arg
20 25 30

Phe Gln Trp Gln Phe Glu Gln Gln Pro Glu Gly Gln Gln Arg Phe Gln
35 40 45

Trp Gln Phe Glu Gln Gln Gly Ser
50 55

<210> SEQ ID NO 137

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 137

Met Ala Ser Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln
1 5 10 15

Pro Arg Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro
20 25 30

Glu Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Cys
35 40 45

Gly Ser
50

<210> SEQ ID NO 138

<211> LENGTH: 64

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic construct

<400> SEQUENCE: 138

Met Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Arg Gly Gln
1 5 10 15

Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Arg Gly Gln Gln Arg
20 25 30

Phe Gln Trp Gln Phe Glu Gln Gln Pro Glu Gly Gln Gln Arg Phe Gln
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35 40 45

Trp Gln Phe Glu Gln Gln Gly Ser Cys Cys Pro Gly Cys Cys Gly Ser

50

<210>
<211>
<212>
<213>
<220>
<223>

<400>

55 60
SEQ ID NO 139
LENGTH: 63
TYPE: PRT
ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: synthetic construct

SEQUENCE: 139

Met Ala Ser Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln

1

5 10 15

Pro Arg Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro

20 25 30

Arg Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Glu

35 40 45

Cys Gly Gln Gln Arg Phe Gln Trp Gln Phe Glu Gln Gln Pro Cys

50

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

55 60
SEQ ID NO 140
LENGTH: 6
TYPE: PRT
ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: synthetic construct

SEQUENCE: 140

Cys Cys Pro Gly Cys Cys
5

SEQ ID NO 141

LENGTH: 6034

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Plasmid pLR199

SEQUENCE: 141

aagaaaccaa ttgtccatat tgcatcagac attgecgtea ctgegtettt tactggetcet

tctegetaac caaaccggta accccgetta ttaaaageat tetgtaacaa agegggacca

aagccatgac aaaaacgcgt aacaaaagtg tctataatca cggcagaaaa gtccacattg

attatttgca cggcgtcaca ctttgctatg ccatageatt tttatccata agattagegg

atcttacctyg acgcttttta tcgcaactct ctactgttte tecatacceg ttttttggge

taacaggagg aattacatat gcagcagegt ttecagtgge agttcgaaca gcagecgegt

ggtcagcage gtttccagtg gcagttcgaa cagcagccge gtggtcagea gegtttecag

tggcagttcg aacagcagcce ggaaggtcag cagegtttece agtggecagtt cgaacagcag

ggatcttget gtcegggetg ttgeggatce gaccctggea tteegtggtyg gaacattegt

getectetga atgcaggtge gggcatccct tggtggaata ttegtgetece getgaacgec

ggtggtteeg gtececgggtag cggtggtaat acttcetcage tgtccacggyg tggeggtaac

actagccage tgagcacggg cggecctaaa aageegggeg accegggtat tceegtggtgg

aatatcecgtyg ccccgetgaa cgcaggtgee ggeatceegt ggtggaacat tcegtgcacct

ctgaatgetyg gtggtteegg tccaggetcet ggeggcaaca ctteccaget gtcecaccegge

ggtggcaaca ccagccagcet gtctactggt ggtccgaaga aaccgggtga ctaataaggce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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gegecgacee agetttettyg tacaaagtgg ttgattcgag getgctaaca aagcccgaaa 960
ggaagctgag ttggctgctg ccaccgctga gcaataacta gcataacccce ttggggectce 1020
taaacgggtc ttgaggggtt ttttgctgaa aggaggaact atatccggat atccacagga 1080
cgggtgtggt cgccatgatc gegtagtcga tagtggctcce aagtagcgaa gcgagcagga 1140
ctgggeggeyg gccaaagegg tcggacagtg ctecgagaac gggtgcgcat agaaattgca 1200
tcaacgcata tagcgctagc agcacgccat agtgactggce gatgctgtceg gaatggacga 1260
tatcececgcaa gaggeccgge agtaccggcea taaccaagece tatgectaca gcatccaggg 1320
tgacggtgcce gaggatgacg atgagcgcat tgttagattt catacacggt gcctgactgce 1380
gttagcaatt taactgtgat aaactaccgc attaaagctt gcagtggcgg ttttcatgge 1440
ttgttatgac tgtttttttg gggtacagtc tatgcctegg gcatccaage agcaagcgcyg 1500
ttacgcegtg ggtcgatgtt tgatgttatg gagcagcaac gatgttacgce agcagggcag 1560
tcgcecctaaa acaaagttaa acatcatgag ggaagcggtg atcgccgaag tatcgactca 1620
actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge tggccgtaca 1680
tttgtacggce tccgcagtgg atggcggcct gaagccacac agtgatattg atttgcetggt 1740
tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg accttttgga 1800
aacttcggcet tecccectggag agagcgagat tctecgeget gtagaagtca ccattgttgt 1860
gcacgacgac atcattccgt ggcegttatcce agctaagcgce gaactgcaat ttggagaatg 1920
gcagcgcaat gacattcttg caggtatctt cgagccagec acgatcgaca ttgatctgge 1980
tatcttgctg acaaaagcaa gagaacatag cgttgccttg gtaggtccag cggcggagga 2040
actctttgat ccggttcetg aacaggatct atttgaggcg ctaaatgaaa ccttaacgcet 2100
atggaactcg ccgcccgact gggctggcga tgagcgaaat gtagtgctta cgttgtceccg 2160
catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtcgctg ccgactgggce 2220
aatggagcgce ctgccggecc agtatcagcce cgtcatactt gaagctagac aggcttatct 2280
tggacaagaa gaagatcgct tggcctecgceg cgcagatcag ttggaagaat ttgtccacta 2340
cgtgaaaggc gagatcacca aggtagtcgg caaataatgt ctaacaattc gttcaagcett 2400
ggctgttttyg gcggatgaga gaagattttc agcctgatac agattaaatc agaacgcaga 2460
agcggtcetga taaaacagaa tttgcctgge ggcagtagceg cggtggtccce acctgacccce 2520
atgccgaact cagaagtgaa acgccgtagce gccgatggta gtgtggggte tecccatgeg 2580
agagtaggga actgccaggc atcaaataaa acgaaaggct cagtcgaaag actgggectt 2640
tcgttttate tgttgtttgt cggtgaacgce tctectgagt aggacaaatc cgccgggagce 2700
ggatttgaac gttgcgaagce aacggcccgg agggtggegg gcaggacgec cgcecataaac 2760
tgccaggcat caaattaagc agaaggccat cctgacggat ggcectttttg cgtttctaca 2820
aactcttttg tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac 2880
cctgataaat gcttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg 2940
tcgececttat teccctttttt geggcatttt geccttectgt ttttgctcac ccagaaacgce 3000
tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg agtgggttac atcgaactgg 3060
atctcaacag cggtaagatc cttgagagtt ttcgcceccga agaacgtttt ccaatgatga 3120
gcacttttaa agttctgcta tgtggcgegg tattatcceg tgttgacgcece gggcaagagce 3180
aactcggtcg ccgcatacac tattctcaga atgacttggt tgagtactca ccagtcacag 3240
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aaaagcatct tacggatggc atgacagtaa gagaattatg cagtgctgcc ataaccatga 3300
gtgataacac tgcggccaac ttacttctga caacgatcgg aggaccgaag gagctaaccyg 3360
cttttttgca caacatgggg gatcatgtaa ctcgccttga tecgttgggaa ccggagctga 3420
atgaagccat accaaacgac gagcgtgaca ccacgatgec tgtagcaatyg gcaacaacgt 3480
tgcgcaaact attaactggc gaactactta ctctagettc ccggcaacaa ttaatagact 3540
ggatggaggc ggataaagtt gcaggaccac ttctgcgcte ggcccttecg gctggcectggt 3600
ttattgctga taaatctgga gccggtgage gtgggtcteg cggtatcatt gcagcactgg 3660
ggccagatgg taagccctcee cgtatcgtag ttatctacac gacggggagt caggcaacta 3720
tggatgaacg aaatagacag atcgctgaga taggtgcctc actgattaag cattggtaac 3780
tgtcagacca agtttactca tatatacttt agattgattt aaaacttcat ttttaattta 3840
aaaggatcta ggtgaagatc ctttttgata atctcatgac caaaatccct taacgtgagt 3900
tttegtteca ctgagecgtca gaccceccecgtag aaaagatcaa aggatcttcet tgagatcctt 3960
tttttectgeg cgtaatctge tgcttgcaaa caaaaaaacc accgctacca geggtggttt 4020
gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttce agcagagcgce 4080
agataccaaa tactgtcctt ctagtgtage cgtagttagg ccaccacttc aagaactctg 4140
tagcaccgcce tacatacctce getctgctaa tcectgttace agtggcectget gecagtggeg 4200
ataagtcgtg tcttaccggg ttggactcaa gacgatagtt accggataag gcgcagcggt 4260
cgggctgaac ggggggttceg tgcacacage ccagettgga gcgaacgacce tacaccgaac 4320
tgagatacct acagcgtgag ctatgagaaa gcgcecacget tceccgaaggyg agaaaggcgg 4380
acaggtatce ggtaagcggce agggtcggaa caggagageg cacgagggag cttcecagggg 4440
gaaacgcctg gtatctttat agtectgteg ggtttegcca cctcectgactt gagegtcgat 4500
ttttgtgatg ctcgtcaggyg gggcggagcce tatggaaaaa cgccagcaac gcggcectttt 4560
tacggttecct ggecttttge tggecttttg ctcacatgtt ctttectgeg ttatccecctg 4620
attctgtgga taaccgtatt accgectttg agtgagctga taccgctcge cgcagccgaa 4680
cgaccgageg cagcgagtca gtgagcgagg aagcggaaga gcegectgatyg cggtatttte 4740
tcettacgca tectgtgeggt atttcacacce gcatatatgg tgcactctca gtacaatctg 4800
ctctgatgcce gcatagttaa gccagtatac actccgetat cgctacgtga ctgggtcatg 4860
getgegecee gacacccgece aacacccgcet gacgegecct gacgggettg tetgetceceg 4920
gcatccgett acagacaagce tgtgaccgtce tccgggaget gcatgtgtca gaggttttca 4980
cegteatcac cgaaacgcgce gaggcagcag atcaattcege gegecgaaggce gaagceggcat 5040
gcataatgtg cctgtcaaat ggacgaagca gggattctgc aaaccctatg ctactccgtce 5100
aagccgtcaa ttgtctgatt cgttaccaat tatgacaact tgacggctac atcattcact 5160
ttttcttecac aaccggcacyg gaactcgcte gggctggecce cggtgcattt tttaaatacc 5220
cgcgagaaat agagttgatc gtcaaaacca acattgcgac cgacggtggce gataggcatc 5280
cgggtggtgce tcaaaagcag cttcgectgg ctgatacgtt ggtcectcecgeg ccagcttaag 5340
acgctaatce ctaactgctg gcggaaaaga tgtgacagac gcgacggcga caagcaaaca 5400
tgctgtgcga cgctggcgat atcaaaattg ctgtctgcca ggtgatcget gatgtactga 5460
caagcctege gtacccgatt atccatcggt ggatggageg actcgttaat cgcttcecatg 5520
cgccgcagta acaattgctce aagcagattt atcgccagca gcectccgaata gegeccttece 5580
ccttgeecgg cgttaatgat ttgcccaaac aggtcgcetga aatgcggctg gtgcgcettca 5640
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tcegggegaa
taggcgegeg
ccgtagtgat
tctegtecct
ttcattccca
aaacccgeca
tcagccatac
<210> SEQ I

<211> LENGT.
<212> TYPE:

agaacccegt

gacgaaagta

gaatctctee

gatttttcac

geggteggte

ccagatggge

ttttcatact

D NO 142
H: 579
DNA

attggcaaat

aacccactgg

tggcgggaac

cacccectga

gataaaaaaa

attaaacgag

ccegecatte

attgacggce agttaagceca

tgataccatt cgcgagecte

agcaaaatat cacccggteg

ccgegaatgyg tgagattgag

tcgagataac cgttggecte

tatcceggea gcaggggatce

agag

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 142

atgcagcage
tggcagtteg
ccggaaggte
tgttgcggat
gegggeatee
agcggtggta
ggcggececta
aacgcaggtyg
ggtccagget
ctgtctactg
<210> SEQ I

<211> LENGT.
<212> TYPE:

gtttccagty
aacagcagcc
agcagegttt
ccgacectygyg
cttggtggaa
atacttctca
aaaagccggyg
ceggeateee
ctggeggcaa
gtggtccgaa
D NO 143

H: 190
PRT

gcagttcgaa

gegtggteag

ccagtggcag

cattcegtygyg

tattcgtget

getgtecacy

cgaccegggt

gtggtggaac

cacttcccag

gaaaccgggt

cagcagccge

cagcgtttee

ttcgaacage

tggaacattc

ccgetgaacy

ggtggeggta

attccgtggt

attcgtgcac

ctgtccaceyg

gactaataa

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 143

Gln Gln Arg
1

Arg Phe Gln

Gln Trp Gln
35

Gln Phe Glu
50

Pro Gly Ile
65

Gly Ile Pro

Gly Pro Gly

Asn Thr Ser
115

Phe Gln Trp Gln Phe

5

Trp Gln Phe Glu Gln

20

Phe Glu Gln Gln Pro

40

Gln Gln Gly Ser Cys

55

Pro Trp Trp Asn Ile

70

Trp Trp Asn Ile Arg

85

Ser Gly Gly Asn Thr

100

Gln Leu Ser Thr Gly

120

Glu

Gln

25

Glu

Cys

Arg

Ala

Ser
105

Gly

Gln

10

Pro

Gly

Pro

Ala

Pro
90

Gln

Pro

Gln

Arg

Gln

Gly

Pro

75

Leu

Leu

Lys

Synthetic construct

gtggtcagca
agtggcagtt
agggatcttyg
gtgctectet
ceggtggtte
acactagcca
ggaatatccg
ctctgaatge

geggtggceaa

Synthetic construct

Pro Arg Gly

Gly Gln Gln
30

Gln Arg Phe
45

Cys Cys Gly
60

Leu Asn Ala

Asn Ala Gly

Ser Thr Gly
110

Lys Pro Gly
125

ttcatgccag
cggatgacga
gcaaacaaat
aatataacct
aatcggegtt

attttgeget

gegtttecag
cgaacagcag
ctgteceggge
gaatgcaggt
cggtecegggt
getgagcacyg
tgcccegety
tggtggttce

caccagccag

Gln Gln
15

Arg Phe

Gln Trp

Ser Asp

Gly Ala
80

Gly Ser
95

Gly Gly

Asp Pro

5700

5760

5820

5880

5940

6000

6034

60

120

180

240

300

360

420

480

540

579
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Gly Ile Pro
130

Ile Pro Trp
145

Pro Gly Ser

Thr Ser Gln

<210> SEQ I
<211> LENGT.
<212> TYPE:

Trp Trp Asn Ile Arg

135

Trp Asn Ile Arg Ala
150

Gly Gly Asn Thr Ser

165

Leu Ser Thr Gly Gly

180

D NO 144
H: 6034
DNA

Ala

Pro

Gln

Pro
185

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: Plasmid pDCQ523

RE:

<400> SEQUENCE: 144

aagaaaccaa

tctegetaac

aagccatgac

attatttgca

atcttacctg

taacaggagg

caacagccge

ggtcagcaac

cagtggcagt

ccatctgete

cgttacggte

aataagacca

ggtggceggeg

caggactcce

caccacaaac

gegecgaccee

ggaagctgag

taaacgggtce

cgggtgtgge

ctgggcggcyg

tcaacgcata

tatccegeaa

tgacggtgec

gttagcaatt

ttgttatgac

ttacgecegty

tcgecctaaa

actatcagag

tttgtacgge

ttgtccatat

caaaccggta

aaaaacgcgt

cggegtceaca

acgcttttta

aattacatat

gttgcggeca

gtttccagty

tcgagcagea

aatctcaact

¢ggaggagge

acccgcatca

gtageggcag

gecctcagea

aggactcteg

agetttettyg

ttggctgetyg

ttgaggggtt

cgccatgate

gccaaagcegyg

tagcgetage

gaggcecegge

gaggatgacg

taactgtgat

tgttttttty

ggtcgatgtt

acaaagttaa

gtagttggcg

tcegecagtygyg

tgcatcagac

accccgetta

aacaaaagtg

ctttgctatg

tcgcaactet

ggctagetge

gcaacgctte

gcaatttgaa

gecegtgegga

gectgataaa

ggcgaagaaa

gggcaaccat

cggtggegge

ccgtaagacyg

ccegcageac

tacaaagtgg

ccaccgctga

ttttgctgaa

gegtagtega

tcggacagtyg

agcacgccat

agtaccggca

atgagcgcat

aaactaccge

gggtacagte

tgatgttatg

acatcatgag

tcatcgageg

atggcggect

Pro

Leu

Leu

170

Lys

Leu
Asn
155

Ser

Lys

attgcegtca

ttaaaagcat

tctataatca

ccatagcatt

ctactgttte

ggtcaacaac

caatggcagt

caacagccag

tettgetgte

cattctggte

gaagaggcgyg

cactccgaaa

ggttctgact

ccaaacggeyg

cgcaaaaccc

ttgattcgag

gcaataacta

aggaggaact

tagtggctee

ctcecgagaac

agtgactgge

taaccaagcc

tgttagattt

attaaagctt

tatgcctegyg

gagcagcaac

ggaagceggtyg

ccatctecgaa

gaagccacac

Asn Ala Gly Ala Gly

140

Ala Gly Gly Ser Gly

160

Thr Gly Gly Gly Asn

Pro Gly Asp
190

ctgegtettt

tctgtaacaa

cggcagaaaa

tttatccata

tccataccey

gttttcaatg

ttgaacagca

agtgcggeca

cgggctgttg

tgcatgaacyg

ctaaaaagcc

agacccageg

cccatcacaa

gtggtgacte

ctaacggtaa

getgctaaca

gcataaccce

atatccggat

aagtagcgaa

gggtgcgcat

gatgctgteg

tatgcctaca

catacacggt

gcagtggegyg

gcatccaage

gatgttacge

atcgccgaag

ccgacgttge

agtgatattg

175

tactggctet

agcgggacca

gtccacattg

agattagcgg

ttttttggge

gcaattcgaa

accgegttyge

gcagcgettt

cggatccgat

cgctectcaa

ggctcacatt

tcagggctee

ccatcacaag

tcaccataac

ataataaggc

aagcccgaaa

ttggggecte

atccacagga

dcgagcagga

agaaattgca

gaatggacga

gcatccaggg

gectgactge

ttttcatgge

agcaagcgcg

agcagggcag

tatcgactca

tggccgtaca

atttgctggt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg accttttgga 1800
aacttcggcet tecccectggag agagcgagat tctecgeget gtagaagtca ccattgttgt 1860
gcacgacgac atcattccgt ggcegttatcce agctaagcgce gaactgcaat ttggagaatg 1920
gcagcgcaat gacattcttg caggtatctt cgagccagec acgatcgaca ttgatctgge 1980
tatcttgctg acaaaagcaa gagaacatag cgttgccttg gtaggtccag cggcggagga 2040
actctttgat ccggttcetg aacaggatct atttgaggcg ctaaatgaaa ccttaacgcet 2100
atggaactcg ccgcccgact gggctggcga tgagcgaaat gtagtgctta cgttgtceccg 2160
catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtcgctg ccgactgggce 2220
aatggagcgce ctgccggecc agtatcagcce cgtcatactt gaagctagac aggcttatct 2280
tggacaagaa gaagatcgct tggcctecgceg cgcagatcag ttggaagaat ttgtccacta 2340
cgtgaaaggc gagatcacca aggtagtcgg caaataatgt ctaacaattc gttcaagcett 2400
ggctgttttyg gcggatgaga gaagattttc agcctgatac agattaaatc agaacgcaga 2460
agcggtcetga taaaacagaa tttgcctgge ggcagtagceg cggtggtccce acctgacccce 2520
atgccgaact cagaagtgaa acgccgtagce gccgatggta gtgtggggte tecccatgeg 2580
agagtaggga actgccaggc atcaaataaa acgaaaggct cagtcgaaag actgggectt 2640
tcgttttate tgttgtttgt cggtgaacgce tctectgagt aggacaaatc cgccgggagce 2700
ggatttgaac gttgcgaagce aacggcccgg agggtggegg gcaggacgec cgcecataaac 2760
tgccaggcat caaattaagc agaaggccat cctgacggat ggcectttttg cgtttctaca 2820
aactcttttg tttatttttc taaatacatt caaatatgta tccgctcatg agacaataac 2880
cctgataaat gcttcaataa tattgaaaaa ggaagagtat gagtattcaa catttccgtg 2940
tcgececttat teccctttttt geggcatttt geccttectgt ttttgctcac ccagaaacgce 3000
tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg agtgggttac atcgaactgg 3060
atctcaacag cggtaagatc cttgagagtt ttcgcceccga agaacgtttt ccaatgatga 3120
gcacttttaa agttctgcta tgtggcgegg tattatcceg tgttgacgcece gggcaagagce 3180
aactcggtcg ccgcatacac tattctcaga atgacttggt tgagtactca ccagtcacag 3240
aaaagcatct tacggatggc atgacagtaa gagaattatg cagtgctgcc ataaccatga 3300
gtgataacac tgcggccaac ttacttctga caacgatcgg aggaccgaag gagctaaccyg 3360
cttttttgca caacatgggg gatcatgtaa ctcgccttga tecgttgggaa ccggagctga 3420
atgaagccat accaaacgac gagcgtgaca ccacgatgec tgtagcaatyg gcaacaacgt 3480
tgcgcaaact attaactggc gaactactta ctctagettc ccggcaacaa ttaatagact 3540
ggatggaggc ggataaagtt gcaggaccac ttctgcgcte ggcccttecg gctggcectggt 3600
ttattgctga taaatctgga gccggtgage gtgggtcteg cggtatcatt gcagcactgg 3660
ggccagatgg taagccctcee cgtatcgtag ttatctacac gacggggagt caggcaacta 3720
tggatgaacg aaatagacag atcgctgaga taggtgcctc actgattaag cattggtaac 3780
tgtcagacca agtttactca tatatacttt agattgattt aaaacttcat ttttaattta 3840
aaaggatcta ggtgaagatc ctttttgata atctcatgac caaaatccct taacgtgagt 3900
tttegtteca ctgagecgtca gaccceccecgtag aaaagatcaa aggatcttcet tgagatcctt 3960
tttttectgeg cgtaatctge tgcttgcaaa caaaaaaacc accgctacca geggtggttt 4020
gtttgccgga tcaagagcta ccaactcttt ttccgaaggt aactggcttce agcagagcgce 4080
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agataccaaa

tagcaccgec

ataagtcgtyg

cgggctgaac

tgagatacct

acaggtatcc

gaaacgccty

ttttgtgatg

tacggttect

attctgtgga

cgaccgageg

tccttacgea

ctctgatgec

getgegecce

gcatcegett

ccgtceatcac

gcataatgtyg

aagccgtcaa

ttttcttcac

cgcgagaaat

cgggtggtge

acgctaatce

tgctgtgega

caagcctege

cgcegeagta

ccttgecegy

tcegggegaa

taggcgcgcg

ccgtagtgat

tctegtecct

ttcattccca

aaacccgcca

tcagccatac

tactgtectt

tacatacctc

tcttacceggy

ggggggtteg

acagcgtgag

ggtaagcggc

gtatctttat

ctegtcaggy

ggcettttge

taaccgtatt

cagcgagtca

tctgtgeggt

gcatagttaa

gacacccgee

acagacaagc

cgaaacgcge

cctgtcaaat

ttgtctgatt

aaccggcacyg

agagttgatc

tcaaaagcag

ctaactgetyg

cgctggegat

gtacccgatt

acaattgectce

cgttaatgat

agaacccegt

gacgaaagta

gaatctctee

gatttttcac

geggteggte

ccagatggge

ttttcatact

<210> SEQ ID NO 145
<211> LENGTH: 579

<212> TYPE:

DNA

ctagtgtage

getetgetaa

ttggactcaa

tgcacacagc

ctatgagaaa

agggtcggaa

agtcctgteg

dggceggagcec

tggcctttty

accgecetttyg

gtgagcgagg

atttcacacc

gccagtatac

aacacccget

tgtgaccgte

gaggcageag

ggacgaagca

cgttaccaat

gaactcgete

gtcaaaacca

cttegectygyg

gcggaaaaga

atcaaaattg

atccatcggt

aagcagattt

ttgcccaaac

attggcaaat

aacccactgg

tggcgggaac

cacccectga

gataaaaaaa

attaaacgag

ccegecatte

cgtagttagg

tcctgttace

gacgatagtt

ccagcttgga

gegecacget

caggagagcyg

ggtttegeca

tatggaaaaa

ctcacatgtt

agtgagctga

aagcggaaga

gcatatatgg

actccgetat

gacgcgeect

tcegggaget

atcaattecge

gggattctge

tatgacaact

gggctggccc

acattgcgac

ctgatacgtt

tgtgacagac

ctgtctgeca

ggatggageg

atcgccagea

aggtcgctga

attgacggec

tgataccatt

agcaaaatat

ccgegaatgyg

tcgagataac

tatcceggea

agag

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 145

ccaccactte aagaactctg

agtggctget gccagtggeg

accggataag gcgcagceggt

gecgaacgace tacaccgaac

tcccgaaggyg agaaaggcegyg

cacgagggag cttccagggyg

cctetgactt gagegtcgat

cgccagcaac geggectttt

cttteectgeyg ttatccecty

taccgctege cgcagecgaa

gegectgatyg cggtatttte

tgcactctca gtacaatctg

cgctacgtga ctgggtcatg

gacgggettyg tctgeteceg

gecatgtgtca gaggttttca

gegegaagge gaageggeat

aaaccctatyg ctactcegte

tgacggctac atcattcact

cggtgcattt tttaaatacc

cgacggtgge gataggcatce

ggtectegeg ccagettaag

gecgacggega caagcaaaca

ggtgatcget gatgtactga

actcgttaat cgcttcecatg

getecgaata gegeccttece

aatgcggcetyg gtgegettca

agttaagcca ttcatgccag

cgcgagecte cggatgacga

cacccggteg gcaaacaaat

tgagattgag aatataacct

cgttggecte aatcggegtt

gcaggggate attttgeget

synthetic construct

atggctaget gcggtcaaca acgttttcaa tggcaatteg aacaacagece gegttgegge

cagcaacgct tccaatggca gtttgaacag caaccgegtt geggtcageca acgtttcecag

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6034

60

120
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98

tggcaatttyg
cagcegtgeg
ctgectgata
geggcgaaga
cagggcaacc
agcggtggceg
caccgtaaga
cgeceecgeage
<210> SEQ I

<211> LENGT.
<212> TYPE:

aacaacagcc
gatcttgety
aacattctgg
aagaagaggc
atcactccga
gtggttctga
cgccaaacgg
accgcaaaac
D NO 146

H: 191
PRT

agagtgegge

tcegggetgt

tctgcatgaa

ggctaaaaag

aaagacccag

ctcccatcac

cggtggtgac

ccctaacggt

cagcagcgcet

tgcggatceg

cgegetecte

cecggetcaca

cgtcaggget

aaccatcaca

tctcaccata

aaataataa

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 146

Met Ala Ser
1

Pro Arg Cys
Arg Cys Gly

35
Cys Gly Gln
Ser Cys Cys
65

Leu Pro Asp

Gly Pro Glu

His Ile Asn
115

Thr Gln Arg
130

Gly Ser Asp
145

His Arg Lys

Lys Gln Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Cys Gly Gln Gln Arg

5

Gly Gln Gln Arg Phe

20

Gln Gln Arg Phe Gln

40

Gln Arg Phe Gln Trp

55

Pro Gly Cys Cys Gly

70

Lys His Ser Gly Leu

85

Glu Ala Ala Lys Lys

100

Lys Thr Asn Pro His

120

Gln Gly Ser Gly Gly

135

Ser His His Asn His
150

Thr Pro Asn Gly Gly

165

Ser Arg Pro Gln His

180

D NO 147
H: 16
PRT

Phe

Gln

25

Trp

Gln

Ser

His

Glu

105

Gln

Gly

His

Gly

Arg
185

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUE:

NCE: 147

Gln

10

Trp

Gln

Phe

Asp

Glu

90

Glu

Gly

Gly

Lys

Asp

170

Lys

Trp

Gln

Phe

Glu

Pro

75

Arg

Ala

Asn

Ser

Gln

155

Ser

Thr

ttcagtggca

atccatctge

aacgttacgg

ttaataagac

ceggtggegy

agcaggactce

accaccacaa

synthetic construct

Gln

Phe

Glu

Gln

60

Ser

Ala

Ala

His

Gly

140

Asp

His

Pro

synthetic construct

Phe

Glu

Gln

45

Gln

Ala

Pro

Lys

His

125

Ser

Ser

His

Asn

Glu

Gln

30

Gln

Pro

Gln

Gln

Lys

110

Ser

Gly

Arg

Asn

Gly
190

gttecgagecag
tcaatctcaa
tcceggaggag
caaccecgeat
cggtagegge
cecgeccteag

acaggactct

Gln Gln
15

Gln Pro

Pro Glu

Cys Gly

Ser Gln
80

Arg Tyr
95

Pro Ala

Glu Lys

Gly Gly

Pro Gln
160

His His
175

Lys

Gly Pro Glu Glu Ala Ala Lys Lys Glu Glu Ala Ala Lys Lys Pro Ala

1

<210> SEQ I
<211> LENGT.

5
D NO 148
H: 100

10

15

180

240

300

360

420

480

540

579
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-continued

<212> TYPE: DNA
<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 148
tttttatcca taagattage ggatcctace tgacgetttt tategcaact ctctactgtt 60

tcteccatace cgttttttgg gctaacagga ggaattaacc 100

<210> SEQ ID NO 149

<211> LENGTH: 591

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(591)

<400> SEQUENCE: 149

atg aaa gta gca aaa gac ctg gtg gtc agce ctg gee tat cag gta cgt 48
Met Lys Val Ala Lys Asp Leu Val Val Ser Leu Ala Tyr Gln Val Arg
1 5 10 15

aca gaa gac ggt gtg ttg gtt gat gag tct cecg gtg agt geg ccg ctg 96
Thr Glu Asp Gly Val Leu Val Asp Glu Ser Pro Val Ser Ala Pro Leu
20 25 30

gac tac ctg cat ggt cac ggt tcc ctg atc tet gge ctg gaa acg gcg 144
Asp Tyr Leu His Gly His Gly Ser Leu Ile Ser Gly Leu Glu Thr Ala
35 40 45

ctg gaa ggt cat gaa gtt ggc gac aaa ttt gat gtc gct gtt ggce gcg 192
Leu Glu Gly His Glu Val Gly Asp Lys Phe Asp Val Ala Val Gly Ala
50 55 60

aac gac gct tac ggt cag tac gac gaa aac ctg gtg caa cgt gtt cct 240
Asn Asp Ala Tyr Gly Gln Tyr Asp Glu Asn Leu Val Gln Arg Val Pro
65 70 75 80

aaa gac dgta ttt atg ggc gtt gat gaa ctg cag gta ggt atg cgt ttc 288
Lys Asp Val Phe Met Gly Val Asp Glu Leu Gln Val Gly Met Arg Phe
85 90 95

ctg get gaa acc gac cag ggt ccg gta ccg gtt gaa atc act gcg gtt 336
Leu Ala Glu Thr Asp Gln Gly Pro Val Pro Val Glu Ile Thr Ala Val
100 105 110

gaa gac gat cac gtc gtg gtt gat ggt aac cac atg ctg gec ggt cag 384
Glu Asp Asp His Val Val Val Asp Gly Asn His Met Leu Ala Gly Gln
115 120 125

aac ctg aaa ttc aac gtt gaa gtt gtg gcg att cgc gaa gcg act gaa 432
Asn Leu Lys Phe Asn Val Glu Val Val Ala Ile Arg Glu Ala Thr Glu
130 135 140

gaa gaa ctg gct cat ggt cac gtt cac ggc geg cac gat cac cac cac 480
Glu Glu Leu Ala His Gly His Val His Gly Ala His Asp His His His
145 150 155 160

gat cac gac cac gac ggt tgc tgc ggc ggt cat gge cac gat cac ggt 528
Asp His Asp His Asp Gly Cys Cys Gly Gly His Gly His Asp His Gly
165 170 175

cat gaa cac ggt ggc gaa ggc tgce tgt gge ggt aaa gge aac ggc ggt 576
His Glu His Gly Gly Glu Gly Cys Cys Gly Gly Lys Gly Asn Gly Gly
180 185 190

tgc ggt tgc cac taa 591
Cys Gly Cys His
195

<210> SEQ ID NO 150

<211> LENGTH: 196

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 150
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102

Met Lys Val

Thr Glu Asp

Asp Tyr Leu

35

Leu Glu Gly
50

Asn Asp Ala
65

Lys Asp Val

Leu Ala Glu

Glu Asp Asp

115

Asn Leu Lys
130

Glu Glu Leu
145

Asp His Asp

His Glu His

Cys Gly Cys
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Lys Asp Leu Val

Gly Val Leu Val Asp

20

His Gly His Gly Ser

40

His Glu Val Gly Asp

55

Tyr Gly Gln Tyr Asp

70

Phe Met Gly Val Asp

85

Thr Asp Gln Gly Pro

100

His Val Val Val Asp

120

Phe Asn Val Glu Val

135

Ala His Gly His Val
150

His Asp Gly Cys Cys

165

Gly Gly Glu Gly Cys

180

His

D NO 151
H: 8
PRT

Val Ser Leu
10

Glu Ser Pro
25

Leu Ile Ser

Lys Phe Asp

Glu Asn Leu

75

Glu Leu Gln
90

Val Pro Val
105

Gly Asn His

Val Ala Ile

His Gly Ala

155

Gly Gly His
170

Cys Gly Gly
185

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 151

Leu Glu Ser Gly Asp Glu Val Asp

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5
D NO 152
H: 1975

DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 152

aattcgtaag

cggtaattta

ttgttctaca

attgaatatg

aaaaatcgac

cttecegtaaa

catgcgttaa

ctgatceett

ccaggacctt

atatcagcca

atgatgatga

ccaccaccag

gaagcgttat

gtcaccgect

gagcagtttyg

gecetgettt

cctttaaatce

ccagggettyg

ctataccgat

acgetttett

aacagaaagc

gcaaggatca

tcgaacagtt

tctgttettt

tteccegttte

cacacgtatc

atcctgacct

ataaataata

tccggcaatyg

tcaaagggtyg

ggcggcaaaa

ccagggaage

tgacgcggat

gtactgtata

cagcacgaaa

tacaggatta

Ala Tyr Gln
Val Ser Ala
30

Gly Leu Glu
45

Val Ala Val
60

Val Gln Arg

Val Gly Met

Glu Ile Thr

110

Met Leu Ala
125

Arg Glu Ala
140

His Asp His

Gly His Asp

Lys Gly Asn
190

synthetic construct

agactcacct

gegettatgg

aaagttgatc

cgttataaca

tatgaaatgc

ggccattttt

tcttccatce

taatatgcaa

ctgggetege

Val Arg

Pro Leu

Thr Ala

Gly Ala

Val Pro
80

Arg Phe
95

Ala Val

Gly Gln

Thr Glu

His His

160

His Gly
175

Gly Gly

gcaaaccaga
tgctagtggg
ccatteggte
ceggcegagea
geggttatac
tgcatcttte
agcgggtata

aagtttgata

cagggctgea

60

120

180

240

300

360

420

480

540
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-continued
ccattgttca accattggac atggaagtcg gegcegggaac ctctcaccca atgacctgte 600
tgcgegeget ggggecagaa ccgatggegg ctgettatgt tcagecttet cgtegeccga 660
ccgatggteg ctacggcgaa aaccccaacce gtttacagea ctactatcag ttccaggtgg 720
tcattaagce atcgecggac aatattcagg agetgtacct cggttetetyg aaagagetgg 780
gcatggacce gactattcac gacatccgtt tcgtggaaga taactgggaa aacccgacgce 840
tgggtgcctyg gggactggge tgggaagtgt ggctgaacgyg catggaagtyg acgcagttca 900
cttacttcca gcaggttggt ggtctggagt gtaaaccggt taccggcgag atcacctacg 960
gtctggaacyg tcectggccatg tacattcagg gcgtagacag cgtttacgac ctggtctgga 1020
gegacggecee getgggtaaa accacctacg gcgacgtgtt ccatcagaac gaagtggagce 1080
agtccactta caacttcgaa tacgcggatg tggacttect gttcacctge ttcgagcagt 1140
acgagaaaga agcgcagcag ctgctggege tggaaaatce getgecgetyg ccagectacyg 1200
agcgtattct gaaagccgec cacagcttca acctgctgga tgcgcgtaaa gcecatctecg 1260
tcaccgagcg tcagcgctac attctgecgca ttegcaccect gaccaaagca gtggcagaag 1320
catactacgc ttccecgtgaa gecctceggcet tceccgatgtg caacaaagat aagtaagagg 1380
cggctatgtc tgagaaaact tttctggtgg aaatcggcac tgaagagctg ccaccaaaag 1440
cactgcgcag cctggctgag tectttgetg cgaactttac tgcggagctg gataacgetg 1500
gcctegcaca cggcaccgtt caatggtttg ctgcteccgeg tegtcectggeg ctgaaagtag 1560
ctaacctgge ggaagcgcaa ccggategtg aaatcgaaaa acgeggcecceyg gcgattgece 1620
aggcgttcega cgctgaaggce aaaccgagca aagcggcaga aggttgggeyg cgtggttgeg 1680
gtattaccgt tgaccaggct gagcgtctga ctaccgataa aggcgaatgg ctgctgtatce 1740
gcgeccatgt gaagggcgaa agcaccgaag cactgcectgec gaatatggtt gcgacttcetce 1800
tggcgaaact gccgatcecceg aaactgatgce gttggggcegce aagcgacgtg cacttcegtgce 1860
gtcecggtgceca caccgtgace ctgcectgetgg gcgacaaagt cattccggca accattetgg 1920
gcattcagte cgatcgegtg attegecggec accgectttat gggcgagecg gaatt 1975
<210> SEQ ID NO 153
<211> LENGTH: 300
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(300)
<400> SEQUENCE: 153
atg atg atg aac gct tte ttt ccg geca atg geg ctt atg gtg cta gtg 48
Met Met Met Asn Ala Phe Phe Pro Ala Met Ala Leu Met Val Leu Val
1 5 10 15
ggt tgt tct aca cca cca cca gaa cag aaa gct caa agg gtg aaa gtt 96
Gly Cys Ser Thr Pro Pro Pro Glu Gln Lys Ala Gln Arg Val Lys Val
20 25 30
gat ccc att cgg tca ttg aat atg gaa gcg tta tgc aag gat cag gcg 144
Asp Pro Ile Arg Ser Leu Asn Met Glu Ala Leu Cys Lys Asp Gln Ala
35 40 45
gca aaa cgt tat aac acc ggc gag caa aaa atc gac gtc acc gee tte 192
Ala Lys Arg Tyr Asn Thr Gly Glu Gln Lys Ile Asp Val Thr Ala Phe
50 55 60
gaa cag ttc cag gga agc tat gaa atg cgc ggt tat acc ttc cgt aaa 240
Glu Gln Phe Gln Gly Ser Tyr Glu Met Arg Gly Tyr Thr Phe Arg Lys
65 70 75 80
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106

gag

tecc
Ser

cag ttt gtc tgt tet ttt gac geg gat gge cat ttt ttg cat ctt
Glu Gln Phe Val Cys Ser Phe Asp Ala Asp Gly His Phe Leu His Leu

atg cgt taa

Met

Arg

85

<210> SEQ ID NO 154

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Met Met Asn

1

Gly

Asp

Ala

Glu

65

Glu

Ser

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

atg
Met
1

cag

Gln

atg
Met

ctyg
Leu

ceg
Pro
65

tat
Tyr

ctyg
Leu

gac
Asp

tgg

Cys

Pro

Lys

50

Gln

Gln

Met

caa
Gln

gat
Asp

gaa
Glu

999
Gly

ace
Thr

cag
Gln

tac
Tyr

ate
Ile

gga

Ser

Ile
35

Arg

Phe

Phe

Arg

aag
Lys

tac
Tyr

gte
Val
35

cca

Pro

gat
Asp

ttc
Phe

cte
Leu

cgt
Arg
115

ctyg

Thr

20

Arg

Tyr

Gln

Val

FEATURE:
NAME /KEY :
LOCATION :

SEQUENCE :

ttt
Phe

tgg
Trp
20

gge
Gly

gaa
Glu

ggt
Gly

cag
Gln

ggt
Gly
100

ttc
Phe

gge

99

Escherichia

154

Ala

5

Pro

Ser

Asn

Gly

Cys
85

SEQ ID NO 155
LENGTH:
TYPE: DNA
ORGANISM:

912

Phe

Pro

Leu

Thr

Ser

70

Ser

Phe

Pro

Asn

Gly

Tyr

Phe

Escherichia

CDsS

(1) ..(912)

155

gat
Asp
5

get
Ala

gecg
Ala

ceg
Pro

cge
Arg

gtg
Val
85

tct
Ser

gtg
Val

tgg

acce
Thr

cge
Arg

gga
Gly

atg
Met

tac
Tyr
70

gte
Val

ctyg
Leu

gaa
Glu

gaa

agg
Arg

cag
Gln

acce
Thr

gecg
Ala

gge
Gly

att
Ile

aaa
Lys

gat
Asp

gtg

coli

Pro

Glu

Met
40

Glu

Glu

Asp

coli

ace
Thr

gge
Gly

tct
Ser
40

get
Ala

gaa
Glu

aag
Lys

gag
Glu

aac
Asn
120

tgg

Ala

Gln
25

Glu

Gln

Met

Ala

ttc
Phe

tgce
Cys
25

cac

His

get
Ala

aac
Asn

cca
Pro

ctyg
Leu
105

tgg
Trp

ctyg

90

Met
10

Lys

Ala

Lys

Arg

Asp
90

cag
Gln

ace
Thr

cca
Pro

tat
Tyr

cce
Pro

tcg
Ser
90

gge
Gly

gaa
Glu

aac

Ala

Ala

Leu

Ile

Gly

75

Gly

gge
Gly

att
Ile

atg
Met

gtt
Val

aac
Asn
75

ccg
Pro

atg
Met

aac
Asn

ggce

Leu

Gln

Cys

Asp

Tyr

His

ttg
Leu

gtt
Val

acce
Thr

cag
Gln

cgt
Arg

gac
Asp

gac
Asp

ceg
Pro

atg

Met

Arg

Lys
45

Val

Thr

Phe

ate
Ile

caa
Gln

tgt
Cys
45

cct

Pro

tta
Leu

aat
Asn

ceg
Pro

acg
Thr
125

gaa

Val

Val
30

Asp

Thr

Phe

Leu

ctyg
Leu

cca
Pro
30

ctyg
Leu

tct
Ser

cag
Gln

att
Ile

act
Thr
110

ctyg
Leu

gtg

95

Leu
15

Lys

Gln

Ala

Arg

His
95

ace
Thr
15

ttg

Leu

cge
Arg

cgt
Arg

cac
His

cag
Gln
95

att
Ile

ggt
Gly

acg

Val

Val

Ala

Phe

Lys

80

Leu

tta
Leu

gac
Asp

gecg
Ala

cge
Arg

tac
Tyr
80

gag
Glu

cac
His

gece
Ala

cag

288

300

48

96

144

192

240

288

336

384

432
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108

Trp

tte
Phe
145

gge
Gly

gta
Val

acce
Thr

tac
Tyr

cag
Gln
225

ceg

Pro

ctyg
Leu

att
Ile

get
Ala

Gly
130

act
Thr

gag
Glu

gac
Asp

ace
Thr

aac
Asn
210

tac
Tyr

ctyg
Leu

ctyg
Leu

ctyg
Leu

tce
Ser
290

Leu

tac
Tyr

ate
Ile

agc
Ser

tac
Tyr
195

ttc
Phe

gag
Glu

cca
Pro

gat
Asp

cge
Arg
275

cgt
Arg

Gly

ttc
Phe

ace
Thr

gtt
Val
180

gge
Gly

gaa
Glu

aaa
Lys

gece
Ala

gecg
Ala
260

att

Ile

gaa
Glu

Trp Glu Val
135

cag cag gtt
Gln Gln Val
150

tac ggt ctg
Tyr Gly Leu
165

tac gac ctg
Tyr Asp Leu

gac gtg ttc
Asp Val Phe

tac gcg gat
Tyr Ala Asp
215

gaa gcg cag
Glu Ala Gln
230

tac gag cgt
Tyr Glu Arg
245

cgt aaa gcc
Arg Lys Ala

cge acc ctg
Arg Thr Leu

gee cte gge
Ala Leu Gly
295

<210> SEQ ID NO 156

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gln Lys Phe

1

Gln

Met

Leu

Pro

65

Tyr

Leu

Asp

Trp

Phe

Asp

Glu

Gly

50

Thr

Gln

Tyr

Ile

Gly
130

Thr

Tyr

Val

Pro

Asp

Phe

Leu

Arg

115

Leu

Tyr

Trp

20

Gly

Glu

Gly

Gln

Gly

100

Phe

Gly

Phe

303

Escherichia
156

Asp Thr Arg
5

Ala Arg Gln

Ala Gly Thr

Pro Met Ala
55

Arg Tyr Gly
70

Val Val Ile
85

Ser Leu Lys

Val Glu Asp

Trp Glu Val

135

Gln Gln Val

Trp Leu

ggt ggt
Gly Gly

gaa cgt
Glu Arg

gte tgg
Val Trp
185

cat cag
His Gln
200

gtg gac
Val Asp

cag ctg
Gln Leu

att ctg
Ile Leu

atc tcc
Ile Ser

265
acc aaa
Thr Lys
280

ttc ccg
Phe Pro

coli

Thr Phe

Gly Cys
25

Ser His
40

Ala Ala

Glu Asn

Lys Pro

Glu Leu
105

Asn Trp
120

Trp Leu

Gly Gly

Asn

ctyg
Leu

ctyg
Leu
170

agc
Ser

aac
Asn

ttc
Phe

ctyg
Leu

aaa
Lys
250

gte
Val

gca
Ala

atg
Met

Gln

10

Thr

Pro

Tyr

Pro

Ser

90

Gly

Glu

Asn

Leu

Gly

gag
Glu
155

gce

Ala

gac
Asp

gaa
Glu

ctg
Leu

geg
Ala
235

gce

Ala

ace
Thr

gtg
Val

tge
Cys

Gly

Ile

Met

Val

Asn

75

Pro

Met

Asn

Gly

Glu

Met Glu Val Thr

140

tgt
Cys

atg
Met

gge
Gly

gtg
Val

tte
Phe
220

ctyg

Leu

gece
Ala

gag
Glu

gca
Ala

aac
Asn
300

Leu

Val

Thr

Gln

60

Arg

Asp

Asp

Pro

Met
140

Cys

aaa
Lys

tac
Tyr

ceg
Pro

gag
Glu
205

acce
Thr

gaa
Glu

cac
His

cgt
Arg

gaa
Glu
285

aaa
Lys

Ile

Gln

Cys

45

Pro

Leu

Asn

Pro

Thr

125

Glu

Lys

ccg
Pro

att
Ile

ctyg
Leu
190

cag
Gln

tgce
Cys

aat
Asn

agc
Ser

cag
Gln
270

gca

Ala

gat
Asp

Leu

Pro

30

Leu

Ser

Gln

Ile

Thr

110

Leu

Val

Pro

gtt
Val

cag
Gln
175

ggt
Gly

tce
Ser

ttc
Phe

ccg
Pro

ttc
Phe
255

cge

Arg

tac
Tyr

aag
Lys

Thr

15

Leu

Arg

Arg

His

Gln

95

Ile

Gly

Thr

Val

Gln

ace
Thr
160

gge
Gly

aaa
Lys

act
Thr

gag
Glu

ctyg
Leu
240

aac

Asn

tac
Tyr

tac
Tyr

taa

Leu

Asp

Ala

Arg

Tyr

80

Glu

His

Ala

Gln

Thr

480

528

576

624

672

720

768

816

864

912
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-continued

110

145

Gly

Thr

Tyr

Gln

225

Pro

Leu

Ile

Ala

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

atg
Met
1

cca
Pro

gecg
Ala

get
Ala

caa
Gln
65

tte
Phe

ggt
Gly

gge
Gly

gca
Ala

ceg
Pro
145

Glu

Asp

Thr

Asn
210

Tyr

Leu

Leu

Leu

Ser
290

tct
Ser

aaa
Lys

gag
Glu

get
Ala
50

ccg
Pro

gac
Asp

tgce
Cys

gaa
Glu

ctyg
Leu
130

aaa
Lys

Ile

Ser

Tyr

195

Phe

Glu

Pro

Asp

Arg
275

Arg

gag
Glu

gca
Ala

ctyg
Leu
35

ccg
Pro

gat
Asp

get
Ala

ggt
Gly

tgg
Trp
115

ctyg

Leu

ctyg
Leu

Thr

Val

180

Gly

Glu

Lys

Ala

Ala

260

Ile

Glu

SEQUENCE :

aaa
Lys

ctyg
Leu
20

gat
Asp

cgt
Arg

cgt
Arg

gaa
Glu

att
Ile
100

ctyg

Leu

ccg
Pro

atg
Met

150

Tyr Gly Leu
165

Tyr Asp Leu

Asp Val Phe

Tyr Ala Asp
215

Glu Ala Gln
230

Tyr Glu Arg
245

Arg Lys Ala

Arg Thr Leu

Ala Leu Gly
295

SEQ ID NO 157
LENGTH:
TYPE: DNA
ORGANISM :
FEATURE:

NAME /KEY :
LOCATION :

2070

Escherichia

CDsS
(1) ..(2070)

157

act ttt ctg
Thr Phe Leu
5

cge age ctg
Arg Ser Leu

aac gct gge
Asn Ala Gly

cgt ctg gcg
Arg Leu Ala
55

gaa atc gaa
Glu Ile Glu

ggce aaa ccg
Gly Lys Pro
85

acc gtt gac
Thr Val Asp

ctg tat cge
Leu Tyr Arg

aat atg gtt
Asn Met Val
135

cgt tgg ggc
Arg Trp Gly
150

Glu Arg
Val Trp
185

His Gln
200

Val Asp

Gln Leu

Ile Leu

Ile Ser

265

Thr Lys
280

Phe Pro

coli

gtg gaa
Val Glu

gct gag
Ala Glu
25

ctec gca
Leu Ala
40

ctg aaa
Leu Lys

aaa cgc
Lys Arg

agc aaa
Ser Lys

cag gct
Gln Ala
105

gee cat
Ala His
120

gcg act

Ala Thr

gca agc
Ala Ser

Leu
170

Ser

Asn

Phe

Leu

Lys

250

Val

Ala

Met

ate
Ile
10

tce
Ser

cac
His

gta
Val

gge
Gly

gecg
Ala
90

gag
Glu

gtg
Val

tct
Ser

gac
Asp

155

Ala

Asp

Glu

Leu

Ala

235

Ala

Thr

Val

Cys

gge
Gly

ttt
Phe

gge
Gly

get
Ala

ccg
Pro

gca
Ala

cgt
Arg

aag
Lys

ctg
Leu

gtg
Val
155

Met

Gly

Val

Phe
220

Leu

Ala

Glu

Ala

Asn
300

act
Thr

get
Ala

acce
Thr

aac
Asn
60

gecg
Ala

gaa
Glu

ctyg
Leu

gge
Gly

gecg
Ala
140

cac
His

Tyr

Pro

Glu
205

Thr

Glu

His

Arg

Glu
285

Lys

gaa
Glu

gecg
Ala

gtt
Val
45

ctyg
Leu

att
Ile

ggt
Gly

act
Thr

gaa
Glu
125

aaa

Lys

tte
Phe

Ile
Leu
190

Gln

Cys

Asn

Ser

Gln
270

Ala

Asp

gag
Glu

aac
Asn
30

caa
Gln

gecg
Ala

gece
Ala

tgg
Trp

ace
Thr
110

age

Ser

ctyg
Leu

gtg
Val

Gln
175

Gly

Ser

Phe

Pro

Phe
255

Arg

Tyr

Lys

ctyg
Leu
15

ttt
Phe

tgg
Trp

gaa
Glu

cag
Gln

gecg
Ala
95

gat

Asp

ace
Thr

ccg
Pro

cgt
Arg

160

Gly

Lys

Thr

Glu

Leu

240

Asn

Tyr

Tyr

cca
Pro

act
Thr

ttt
Phe

gecg
Ala

gecg
Ala

cgt
Arg

aaa
Lys

gaa
Glu

ate
Ile

ccg
Pro
160

48

96

144

192

240

288

336

384

432

480
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-continued

112

gtg
Val

att
Ile

gge
Gly

ctyg
Leu

Lys
225

get
Ala

tgg
Trp

ceg
Pro

ceg
Pro

gece
Ala
305

Lys

gac
Asp

ttg
Leu

cag
Gln

cac
His
385
atg

Met

gecg
Ala

cag
Gln

get
Ala

tte
Phe

cac
His

ctyg
Leu

gag
Glu

cgt
Arg
210

att
Ile

gac
Asp

ccg
Pro

get
Ala

gtg
Val
290

aac
Asn

gte
Val

cgt
Arg

ttc
Phe

gecg
Ala
370

get
Ala

gte
Val

cgt
Arg

tat
Tyr

tgt
Cys
450

ggt
Gly

ace
Thr

gge
Gly

ccg
Pro
195

gag
Glu

aaa
Lys

tta
Leu

gte
Val

gaa
Glu
275

tat
Tyr

ate
Ile

gtt
Val

aaa
Lys

cag
Gln
355

ctyg
Leu

ace
Thr

ttc
Phe

cac
His

cag
Gln
435

gecg
Ala

ate
Ile

gtg
Val

att
Ile
180

gaa
Glu

cgt
Arg

gece
Ala

agc
Ser

gtt
Val
260

gecg
Ala

gecg
Ala

gaa
Glu

cgt
Arg

aaa
Lys
340

caa
Gln

get
Ala

cgt
Arg

gag
Glu

gat
Asp
420

ceg

Pro

ctyg
Leu

ggt
Gly

acce
Thr
165

cag
Gln

tte
Phe

999
Gly

gat
Asp

gaa
Glu
245

ctyg
Leu

ctyg
Leu

aac
Asn

teg
Ser

ceg
Pro
325

cgt
Arg

cag
Gln

gge
Gly

gecg
Ala

tte
Phe
405

gge
Gly

cgt
Arg

gecg
Ala

cag
Gln

ctyg
Leu

tecc
Ser

acce
Thr

aaa
Lys

gece
Ala
230

agc
Ser

acce
Thr

gtt
Val

gac
Asp

aaa
Lys
310

cgt
Arg

ctt
Leu

ttg
Leu

tgg
Trp

ggt
Gly
390

acc

Thr

gaa
Glu

ttt
Phe

att
Ile

cat
His

ctyg
Leu

gat
Asp

ate
Ile

gte
Val
215

gaa
Glu

ctyg
Leu

gca
Ala

tac
Tyr

gge
Gly
295

gat
Asp

ctyg
Leu

gaa
Glu

999
Gly

att
Ile
375

ctyg
Leu

gac
Asp

gecg
Ala

get
Ala

get
Ala
455

ceg
Pro

ctyg
Leu

cge
Arg

gat
Asp
200

ate
Ile

gaa
Glu

ctyg
Leu

aaa
Lys

ace
Thr
280

aaa
Lys

ccg
Pro

gecg
Ala

gat
Asp

acg
Thr
360

get
Ala

ctyg
Leu

ace
Thr

gaa
Glu

ggt
Gly
440

gac

Asp

aaa
Lys

gge
Gly

gtg
Val
185

aac
Asn

get
Ala

gca
Ala

gaa
Glu

ttc
Phe
265

atg
Met

ctyg
Leu

cag
Gln

gat
Asp

aac
Asn
345

ctyg
Leu

gaa
Glu

tct
Ser

cag
Gln

gat
Asp
425

gat

Asp

aag
Lys

gge
Gly

gac
Asp
170

att
Ile

gece
Ala

gat
Asp

gecg
Ala

gaa
Glu
250

gaa
Glu

aaa
Lys

ctyg
Leu

cag
Gln

gece
Ala
330

ctyg
Leu

cge
Arg

cag
Gln

aag
Lys

gge
Gly
410

gte

Val

gac
Asp

atg
Met

gac
Asp

aaa
Lys

cge
Arg

gat
Asp

tac
Tyr

cgt
Arg
235

gtg
Val

gag
Glu

ggt
Gly

ccg
Pro

att
Ile
315

gag
Glu

ccg
Pro

gac
Asp

att
Ile

tge
Cys
395

gtt
Val

geg
Ala

ctg
Leu

gat
Asp

aaa
Lys

gte
Val

gge
Gly

cag
Gln

gaa
Glu
220

aag
Lys

get
Ala

aaa
Lys

gac
Asp

aac
Asn
300

ate
Ile

tte
Phe

cge
Arg

aaa
Lys

gge
Gly
380

gac
Asp

atg
Met

gtg
Val

ceg
Pro

acce
Thr
460

gac
Asp

att
Ile

cac
His

tat
Tyr
205

gaa
Glu

att
Ile

teg
Ser

tte
Phe

cag
Gln
285

ttt
Phe

tecc
Ser

tte
Phe

ctyg
Leu

act
Thr
365

get
Ala

ctyg
Leu

999
Gly

gecg
Ala

tecc
Ser
445

ctyg

Leu

ceg
Pro

ccg
Pro

cge
Arg
190

ccg
Pro

cgt
Arg

gge
Gly

ctyg
Leu

cte
Leu
270

aaa
Lys

ate
Ile

ggt
Gly

ttc
Phe

caa
Gln
350

gac
Asp

gac
Asp

atg
Met

atg
Met

ctyg
Leu
430

aac

Asn

gecg
Ala

ttt
Phe

gca
Ala
175

ttt
Phe

gaa
Glu

aag
Lys

ggt
Gly

gtg
Val
255

gecg
Ala

tac
Tyr

ttc
Phe

aac
Asn

aac
Asn
335

ace
Thr

cge
Arg

gtt
Val

ace
Thr

cac
His
415
aat

Asn

cca
Pro

ggt
Gly

gecg
Ala

ace
Thr

atg
Met

att
Ile

gecg
Ala

aac
Asn
240

gag
Glu

gtg
Val

ttc
Phe

gtt
Val

gag
Glu
320

ace
Thr

gtg
Val

ate
Ile

aac
Asn

aac
Asn
400

tat

Tyr

gag
Glu

gta
Val

ate
Ile

ctyg
Leu

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440
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-continued

114

465

cgt
Arg

Asn

gat
Asp

cte
Leu

Thr
545

gat
Asp

get
Ala

tct
Ser

ceg
Pro

ctyg
Leu
625

ctyg

Leu

gte
Val

gag
Glu

caa
Gln

<210>
<211>
<212>
<213>

<400>

Met

1

Pro

Ala

Ala

Gln
65

cgt
Arg

ctt
Leu

aag
Lys

ggt
Gly
530

ate
Ile

gece
Ala

gca
Ala

gac
Asp

gaa
Glu
610

gag
Glu

get
Ala

atg
Met

aaa
Lys

taa

Ser

Lys

Glu

Ala

50

Pro

gece
Ala

gat
Asp

ctyg
Leu
515
cge

Arg

cag
Gln

cgt
Arg

ctyg
Leu

gaa
Glu
595

gaa
Glu

ccg
Pro

gag
Glu

gtt
Val

ctyg
Leu
675

Glu

Ala

Leu

35

Pro

Asp

gecg
Ala

ctyg
Leu
500

act
Thr

ttc
Phe

gecg
Ala

atg
Met

gecg
Ala
580

gtg
Val

att
Ile

tac
Tyr

ctyg
Leu

gat
Asp
660

cge
Arg

PRT

SEQUENCE :

Lys

Leu

20

Asp

Arg

Arg

470

ctt ggce gtg
Leu Gly Val
485

caa acg ctg
Gln Thr Leu

aat gcc aac
Asn Ala Asn

cge gee tgg
Arg Ala Trp
535

gta ctg gcg
Val Leu Ala
550

aaa gcg gta
Lys Ala Val
565

gcg geg aac
Ala Ala Asn

ctg agc gac
Leu Ser Asp

aaa ctg gcg
Lys Leu Ala
615

ttt acg gaa
Phe Thr Glu
630

cgt gaa ccg
Arg Glu Pro
645

gac aaa gaa

Asp Lys Glu

gaa ctg ttc
Glu Leu Phe

SEQ ID NO 158
LENGTH:
TYPE :
ORGANISM:

689

Escherichia
158

Thr Phe Leu
5

Arg Ser Leu

Asn Ala Gly

Arg Leu Ala
55

Glu Ile Glu
70

ctg cga
Leu Arg

acc gaa
Thr Glu
505

gta gtt
Val Val
520

tat cag

Tyr Gln

cgt cgt
Arg Arg

teg cat
Ser His

aaa cgt
Lys Arg
585

cge gtg
Arg Val
600

atg cag
Met Gln

ggt cgt
Gly Arg

gtt gat
Val Asp

ttg cgt
Leu Arg

665
ctg cge
Leu Arg
680

coli

Val Glu

Ala Glu
25

Leu Ala
40

Leu Lys

Lys Arg

att
Ile
490
gaa
Glu

gat
Asp

gac
Asp

ccg
Pro

ttc
Phe
570

gta
Val

aat
Asn

gtt
Val

tac
Tyr

get
Ala
650

atc

Ile

gtt
Val

Ile

10

Ser

His

Val

Gly

475
atc

Ile

geg
Ala

gat
Asp

gaa
Glu

act
Thr
555
cgt
Arg

tct
Ser

gee
Ala

gtg
Val

cag
Gln
635

tte

Phe

aac
Asn

geg
Ala

Gly

Phe

Gly

Ala

Pro
75

gtt
Val

gtg
Val

gtt
Val

ggt
Gly
540

cgt

Arg

acce
Thr

aac
Asn

tct
Ser

gtg
Val
620

gat

Asp

tte
Phe

cgt
Arg

gat
Asp

Thr

Ala

Thr

Asn

60

Ala

gag
Glu

cgt
Arg

atc
Ile
525
tat
Tyr

ceg
Pro

ctyg
Leu

att
Ile

acce
Thr
605

cta
Leu

gecg
Ala

gat
Asp

ctyg
Leu

att
Ile
685

Glu

Ala

Val

45

Leu

Ile

aag
Lys

ctyg
Leu
510
gac

Asp

ace
Thr

get
Ala

gat
Asp

ctyg
Leu
590
ctyg
Leu

cgt
Arg

ctyg
Leu

aaa
Lys

ace
Thr
670

tcg
Ser

Glu

Asn

30

Gln

Ala

Ala

aac
Asn
495
tat
Tyr

ttt
Phe

gtt
Val

gat
Asp

gca
Ala
575

gecg
Ala

aaa
Lys

gac
Asp

gte
Val

gtg
Val
655

atg

Met

ctyg
Leu

Leu

15

Phe

Trp

Glu

Gln

480
cte

Leu

gge
Gly

atg
Met

gac
Asp

ttc
Phe
560
gct
Ala

aaa
Lys

gag
Glu

aag
Lys

gaa
Glu
640

atg

Met

ctyg
Leu

ttg
Leu

Pro

Thr

Phe

Ala

Ala
80

1488

1536

1584

1632

1680

1728

1776

1824

1872

1920

1968

2016

2064

2070
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-continued

116

Phe

Gly

Gly

Ala

Pro

145

Ile

Gly

Leu

Lys

225

Ala

Trp

Pro

Pro

Ala

305

Lys

Asp

Leu

Gln

His

385

Met

Ala

Gln

Ala

Phe

465

Arg

Asp

Cys

Glu

Leu

130

Lys

His

Leu

Glu

Arg

210

Ile

Asp

Pro

Ala

Val

290

Asn

Val

Arg

Phe

Ala

370

Ala

Val

Arg

Tyr

Cys

450

Gly

Arg

Ala

Gly

Trp

115

Leu

Leu

Thr

Gly

Pro

195

Glu

Lys

Leu

Val

Glu

275

Tyr

Ile

Val

Lys

Gln

355

Leu

Thr

Phe

His

Gln
435
Ala

Ile

Ala

Glu

Ile

100

Leu

Pro

Met

Val

Ile

180

Glu

Arg

Ala

Ser

Val

260

Ala

Ala

Glu

Arg

Lys

340

Gln

Ala

Arg

Glu

Asp

420

Pro

Leu

Gly

Ala

Gly

Thr

Leu

Asn

Arg

Thr

165

Gln

Phe

Gly

Asp

Glu

245

Leu

Leu

Asn

Ser

Pro

325

Arg

Gln

Gly

Ala

Phe

405

Gly

Arg

Ala

Gln

Leu
485

Lys

Val

Tyr

Met

Trp

150

Leu

Ser

Thr

Lys

Ala

230

Ser

Thr

Val

Asp

Lys

310

Arg

Leu

Leu

Trp

Gly

390

Thr

Glu

Phe

Ile

His

470

Gly

Pro

Asp

Arg

Val

135

Gly

Leu

Asp

Ile

Val

215

Glu

Leu

Ala

Tyr

Gly

295

Asp

Leu

Glu

Gly

Ile

375

Leu

Asp

Ala

Ala

Ala
455

Pro

Val

Ser

Gln

Ala

120

Ala

Ala

Leu

Arg

Asp

200

Ile

Glu

Leu

Lys

Thr

280

Lys

Pro

Ala

Asp

Thr

360

Ala

Leu

Thr

Glu

Gly

440

Asp

Lys

Leu

Lys

Ala

105

His

Thr

Ser

Gly

Val

185

Asn

Ala

Ala

Glu

Phe

265

Met

Leu

Gln

Asp

Asn

345

Leu

Glu

Ser

Gln

Asp

425

Asp

Lys

Gly

Arg

Ala

Glu

Val

Ser

Asp

Asp

170

Ile

Ala

Asp

Ala

Glu

250

Glu

Lys

Leu

Gln

Ala

330

Leu

Arg

Gln

Lys

Gly

410

Val

Asp

Met

Asp

Ile
490

Ala

Arg

Lys

Leu

Val

155

Lys

Arg

Asp

Tyr

Arg

235

Val

Glu

Gly

Pro

Ile

315

Glu

Pro

Asp

Ile

Cys

395

Val

Ala

Leu

Asp

Lys

475

Ile

Glu

Leu

Gly

Ala

140

His

Val

Gly

Gln

Glu

220

Lys

Ala

Lys

Asp

Asn

300

Ile

Phe

Arg

Lys

Gly

380

Asp

Met

Val

Pro

Thr

460

Asp

Val

Gly

Thr

Glu

125

Lys

Phe

Ile

His

Tyr

205

Glu

Ile

Ser

Phe

Gln

285

Phe

Ser

Phe

Leu

Thr

365

Ala

Leu

Gly

Ala

Ser
445
Leu

Pro

Glu

Trp

Thr

110

Ser

Leu

Val

Pro

Arg

190

Pro

Arg

Gly

Leu

Leu

270

Lys

Ile

Gly

Phe

Gln

350

Asp

Asp

Met

Met

Leu

430

Asn

Ala

Phe

Lys

Ala

Asp

Thr

Pro

Arg

Ala

175

Phe

Glu

Lys

Gly

Val

255

Ala

Tyr

Phe

Asn

Asn

335

Thr

Arg

Val

Thr

His

415

Asn

Pro

Gly

Ala

Asn
495

Arg

Lys

Glu

Ile

Pro

160

Thr

Met

Ile

Ala

Asn

240

Glu

Val

Phe

Val

Glu

320

Thr

Val

Ile

Asn

Asn

400

Tyr

Glu

Val

Ile

Leu
480

Leu
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Asn Leu Asp
Asp Lys Leu
515

Leu Gly Arg
530

Thr Ile Gln
545

Asp Ala Arg

Ala Ala Leu

Ser Asp Glu

595

Pro Glu Glu
610

Leu Glu Pro
625

Leu Ala Glu

Val Met Val

Glu Lys Leu
675

Gln
<210> SEQ I

<211> LENGT.
<212> TYPE:

Leu Gln Thr Leu Thr

500

Thr Asn Ala Asn Val

520

Phe Arg Ala Trp Tyr

535

Ala Val Leu Ala Arg
550

Met Lys Ala Val Ser

565

Ala Ala Ala Asn Lys

580

Val Leu Ser Asp Arg

600

Ile Lys Leu Ala Met

615

Tyr Phe Thr Glu Gly
630

Leu Arg Glu Pro Val

645

Asp Asp Lys Glu Leu

660

Arg Glu Leu Phe Leu

D NO 159
H: 5324
DNA

680

Glu

505

Val

Gln

Arg

His

Arg

585

Val

Gln

Arg

Asp

Arg

665

Arg

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: Plasmid pDCQ601

RE:

<400> SEQUENCE: 159

ctegggeegt

cctgtaggge

ceggegtete

cgegtggete

cctegtagaa

gecctagate

tgccgatgaa

tcatgtgegyg

acttgtcege

ccgactteca

tgcgeegett

cecgeccagty

ggtaggcgtg

tgatcgegta

cagcgcaagg

cttegcaaag

ctettggget

aggctcatac

aacgcgettt

gaccgettge

cgectgaatg

ggccacagceg

ctecettggec

getggttteg

cagccacttyg

ccatteceggy

ctctggeage

ctegttetet

cttgagactg

tgcecgecatyg

cggtgectee

tcgtgacege

tgatcggect

cecctgecgaa

gagattccca

gggctgatgg

cgegtgtgac

gecgcaaacyg

gacagcctge

tcacggtgga

tgcgecettet

ctggcegtea

aactcgegea

ggcegtectge

gecgecacgt

cctgececte

ggcgggccac

ctacggegge

Glu

Asp

Asp

Pro

Phe

570

Val

Asn

Val

Tyr

Ala

650

Ile

Val

Ala

Asp

Glu

Thr

555

Arg

Ser

Ala

Val

Gln

635

Phe

Asn

Ala

tcttgegeat

cegettttgt

gettttegge

tgacgtggec

gtgeccttget

tggtctggte

cgtectgegt

tgctggeegt

cgaagaacgc

tgacgtacte

gteggeccat

tggcgtcage

tgcccatttt

ccttttggty

tcaatgcttyg

tgcggegece

Val Arg Leu
510

Val Ile Asp
525

Gly Tyr Thr
540

Arg Pro Ala

Thr Leu Asp

Asn Ile Leu
590

Ser Thr Leu
605

Val Leu Arg
620

Asp Ala Leu

Phe Asp Lys

Arg Leu Thr
670

Asp Ile Ser
685

ctcacgeget
cagccggteg
caatcectge

cactggtgge

gecctegatyg

gegggtceate

cagcggcace
cacgatgcga
cgectgetgt
gaccgccaac
cgctteateg
gttgggcgte
cgccagette
tccaaccgge
agtatactca

tacgggcettyg

Tyr Gly

Phe Met

Val Asp

Asp Phe
560

Ala Ala
575

Ala Lys

Lys Glu

Asp Lys

Val Glu

640

Val Met
655

Met Leu

Leu Leu

cetgeggegy
gccacggett
ggtgcatagg

cgctecaggy

cccegttgea
tgegetttgt
acgaacgcgg
tcegeccegt
tcttggetygy
acagcgtect
gtgctgetgg
tegegetege
ttgcatcgeca
tegacggggg
ctagactttyg

ctcteeggge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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ttegeectge geggtegetyg cgctceecttg ccagecegtg gatatgtgga cgatggccgce 1020
gagcggcecac cggetggete gettegeteg gecegtggac aaccctgetg gacaagcetga 1080
tggacaggct gcgectgecce acgagcettga ccacagggat tgcccaccegyg ctacccagece 1140
ttcgaccaca tacccaccgg ctccaactge gcggcectgeg gecttgceccee atcaattttt 1200
ttaattttct ctggggaaaa gcctcecggcee tgcggcectge gegcettceget tgcecggttgg 1260
acaccaagtg gaaggcgggt caaggctcege geagcgacceyg cgcagcegget tggecttgac 1320
gegectggaa cgacccaage ctatgegagt gggggcagtce gaaggcgaag ccecgeccgec 1380
tgccecececga gacctgcagyg gggggggggyg cgctgaggtce tgcctegtga agaaggtgtt 1440
gctgactcat accaggcctg aatcgeccca tcatccagece agaaagtgag ggagccacgg 1500
ttgatgagag ctttgttgta ggtggaccag ttggtgattt tgaacttttg ctttgccacg 1560
gaacggtctg cgttgtcggg aagatgcegtg atctgatccect tcaactcagce aaaagttcega 1620
tttattcaac aaagccgccg tcecccgtcaag tcagcgtaat gectctgccag tgttacaacce 1680
aattaaccaa ttctgattag aaaaactcat cgagcatcaa atgaaactgc aatttattca 1740
tatcaggatt atcaatacca tatttttgaa aaagccgttt ctgtaatgaa ggagaaaact 1800
caccgaggca gttccatagg atggcaagat cctggtatcg gtctgcgatt ccgactcecgte 1860
caacatcaat acaacctatt aatttcccct cgtcaaaaat aaggttatca agtgagaaat 1920
caccatgagt gacgactgaa tccggtgaga atggcaaaag cttatgcatt tectttcecaga 1980
cttgttcaac aggccagcca ttacgctcgt catcaaaatc actcgcatca accaaaccgt 2040
tattcattcg tgattgcgcec tgagcgagac gaaatacgcg atcgctgtta aaaggacaat 2100
tacaaacagg aatcgaatgc aaccggcgca ggaacactgc cagcgcatca acaatatttt 2160
cacctgaatc aggatattct tctaatacct ggaatgcetgt tttceccegggg atcgcagtgg 2220
tgagtaacca tgcatcatca ggagtacgga taaaatgctt gatggtcgga agaggcataa 2280
attccgtcag ccagtttagt ctgaccatct catctgtaac atcattggca acgctacctt 2340
tgccatgttt cagaaacaac tctggcgcat cgggcttcecce atacaatcga tagattgtcg 2400
cacctgattg cccgacatta tcgcgagcce atttataccce atataaatca gcatccatgt 2460
tggaatttaa tcgcggccte gagcaagacg tttcecccecgttg aatatggctce ataacaccce 2520
ttgtattact gtttatgtaa gcagacagtt ttattgttca tgatgatata tttttatctt 2580
gtgcaatgta acatcagaga ttttgagaca caacgtggct ttcccccceccce ccectgcagyg 2640
tcecgagect cacggeggceyg agtgeggggg ttecaagggyg gcagegecac cttgggcaag 2700
geecgaaggece gcegcagtcega tcaacaagcece ccggagggge cactttttge cggaggggga 2760
geegegecga aggegtgggg gaacccecgca ggggtgecct tetttgggca ccaaagaact 2820
agatataggg cgaaatgcga aagacttaaa aatcaacaac ttaaaaaagyg ggggtacgca 2880
acagctcatt gcggcacccecce ccgcaatagce tcattgcegta ggttaaagaa aatctgtaat 2940
tgactgccac ttttacgcaa cgcataattg ttgtcgecget geccgaaaagt tgcagctgat 3000
tgcgecatggt gccgcaaccg tgcggcaccce taccgcatgg agataagcat ggccacgcag 3060
tccagagaaa tcggcattca agccaagaac aagcccggte actgggtgca aacggaacgce 3120
aaagcgcatg aggegtggge cgggcttatt gegaggaaac ccacggcegge aatgetgcetg 3180
catcaccteg tggegcagat gggccaccag aacgccgtgg tggtcageca gaagacactt 3240
tccaagcetca tcggacgtte tttgcggacg gtccaatacg cagtcaagga cttggtggcece 3300
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gagcgetgga
aatgaccgeg
geegtggtgg
cgcatceega
cccagecage
gaatgggaac
gatggcgage
tgcgcagcaa
ataccttgte
aatggaagcc
gaataaatga
caggcatttg
caatagacat
ctttegaatt
taagggcacc
tgttgtaatt
tgaatcgeca
acgggggega
cagggattgg
ttttcaccegt
tggtattcac
gggtgaacac
gegtcegacac
gecggataaa
tgaacggtct
cgatgecatt
tccttagete
ttatggtgaa
geccaggget
tcegteacag
atgtcatgat
cecegegttec

cagctttteg

cggecccagyg

tcteegtegt

tggcgtgggg

ttgatcacga

cecctgtatee

ceggeattee

dgcgegggcea

cgttggagec

ccegtaagtyg

tgccteceeyg

ggcggcacct

tcatatcgte

agaagcacac

aagcggctat

tctgecatte

aataactgcc

cattaagcat

geggecatcag

agaagttgtc

ctgagacgaa

aacacgccac

tccagagega

tatcccatat

tagtcaattc

acttgtgett

ggttataggt

gggatatatc

ctgaaaatct

agttggaacc

tcceggtate

gtatttattce

aataatggtt

tgctggeget

cccacggect

gegtcecagaa

<210> SEQ ID NO 160
<211> LENGTH: 590

<212> TYPE:

DNA

gaagctcaac

ccagceeage

cgaccaggac

dggcgageag

gggcatggaa

gcagcgecty

gecgacacgg

cgctgtteca

cgttgegteg

cgctaacgga

aattattacc

ggtcacactyg

ttaacgaccc

atccgettat

ttaaaaaaat

tctgccgaca

caccttgteg

catattggec

aaacatattc

atcttgcgaa

tgaaaacgtt

caccagctca

cggatgagca

atttttettt

acattgagca

aacggtggta

cgataactca

tcttacgtge

aacagggaca

ggcgcaaagg

tcttagacgt

gggectgttt

tgatgatcge

cgggctteag

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 160

atgtctgaga aaacttttct ggtggaaatc

cgcagectgyg ctgagtectt tgetgegaac

ggceceggea ccegtgtegge ctacgtggte

gaccagttge gcctgteggt gttcagtgec

gaatcgetgt tggggcatgg cgacctgege

caactaccga ccggeccegg cgaggagecg

ccagacctge cagecttgac cgaaacggag

ccgatgeceg atgageegtyg ttttetggac

gtcacgetge cgegecggta gcacttgggt

gactatcgge tgtagccgec tegecgeect

cggtgcatgg agccgggeca cctegacctyg

ttcaccgttt ttatcagget ctgggaggea

tccacgggga gagcctgage aaactggect

cttecceggtag tcaataaacc ggtaaaccag

tgcecctgaac cgacgaccgyg gtegaatttg

tatacttatt caggcgtagc accaggegtt

tacgcccege cctgecacte ategeagtac

tggaagccat cacagacggce atgatgaacc

ccttgegtat aatatttgec catggtgaaa

acgtttaaat caaaactggt gaaactcacc

tcaataaacc ctttagggaa ataggccagg

tatatgtgta gaaactgccg gaaatcgteg

tcagtttgct catggaaaac ggtgtaacaa

ccgtetttea ttgccatacyg gaattegeta

ttcatcagge gggcaagaat gtgaataaag

acggtcttta aaaaggccgt aatatccagce

actgactgaa atgcctcaaa atgttcttta

tatccagtga tttttttete cattttaget

aaaaatacgc ccggtagtga tcttatttcea

cgatcaacgt ctcatttteg ccaaaagttg

ccaggattta tttattctge gaagtgatcet

gectegtgat acgcctattt ttataggtta

caggtggcac ttttegggga aatgtgegeg

ctggegetgyg actteceget gtteegteag

ggcggecttyg gectgcatat cccgattcaa

gegetecega aggt

ggcactgaag agctgccacc aaaagcactg

tttactgegyg agctggataa cgetggectce

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5324

60

120
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gcacacggca ccgttcaatg gtttgetget cecgegtegte tggcegcetgaa agtagctaac 180
ctggecggaag cgcaaccgga tcgtgaaatc gaaaaacgeg gceccggcegat tgcccaggeg 240
ttcgacgetyg aaggcaaacc gagcaaagceg gcagaaggtt gggegegtgyg ttgeggtatt 300
accgttgace aggctgagceg tctgactacce gataaaggeg aatggctget gtatcgegece 360
catgtgaagg gcgaaagcac cgaagcactg ctgccgaata tggttgcgac ttctetggeg 420
aaactgccga tcccgaaact gatgegttgg ggcgcaageg acgtgcactt cgtgegtcecg 480
gtgcacaccyg tgaccctgcet gctgggcgac aaagtcattce cggcaaccat tctgggcatt 540
cagtccgate gegtgattceg cggccaccge tttatgggeyg agecggaatt 590
<210> SEQ ID NO 161
<211> LENGTH: 196
<212> TYPE: PRT
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 161
Met Ser Glu Lys Thr Phe Leu Val Glu Ile Gly Thr Glu Glu Leu Pro
1 5 10 15
Pro Lys Ala Leu Arg Ser Leu Ala Glu Ser Phe Ala Ala Asn Phe Thr
20 25 30
Ala Glu Leu Asp Asn Ala Gly Leu Ala His Gly Thr Val Gln Trp Phe
35 40 45
Ala Ala Pro Arg Arg Leu Ala Leu Lys Val Ala Asn Leu Ala Glu Ala
50 55 60
Gln Pro Asp Arg Glu Ile Glu Lys Arg Gly Pro Ala Ile Ala Gln Ala
65 70 75 80
Phe Asp Ala Glu Gly Lys Pro Ser Lys Ala Ala Glu Gly Trp Ala Arg
85 90 95
Gly Cys Gly Ile Thr Val Asp Gln Ala Glu Arg Leu Thr Thr Asp Lys
100 105 110
Gly Glu Trp Leu Leu Tyr Arg Ala His Val Lys Gly Glu Ser Thr Glu
115 120 125
Ala Leu Leu Pro Asn Met Val Ala Thr Ser Leu Ala Lys Leu Pro Ile
130 135 140
Pro Lys Leu Met Arg Trp Gly Ala Ser Asp Val His Phe Val Arg Pro
145 150 155 160
Val His Thr Val Thr Leu Leu Leu Gly Asp Lys Val Ile Pro Ala Thr
165 170 175
Ile Leu Gly Ile Gln Ser Asp Arg Val Ile Arg Gly His Arg Phe Met
180 185 190
Gly Glu Pro Glu
195
<210> SEQ ID NO 162
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer
<400> SEQUENCE: 162
gcgatgaaaa cgtttcagtt t 21

<210> SEQ I
<211> LENGT.

D NO 163
H: 21



US 9,273,336 B2
125

-continued

126

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 163

cacaagtttt atceggectt t

<210> SEQ ID NO 164

<211> LENGTH: 1284

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 164

atggctgata caaaagcaaa actcaccctce aacggggata cagetgttga actggatgtyg
ctgaaaggca cgctgggtca agatgttatt gatatcegta cteteggtte aaaaggtgtyg
ttcacctttyg acccaggcett cacttcaacc gecatcctgeg aatctaaaat tacttttatt
gatggtgatyg aaggtatttt getgecaccge ggttteccga tcgatcaget ggegaccgat
tctaactace tggaagtttg ttacatecetyg ctgaatggtyg aaaaaccgac tcaggaacag
tatgacgaat ttaaaactac ggtgaccegt cataccatga tccacgagca gattaccegt
ctgttecatyg cttteegteg cgactegeat ccaatggcag tcatgtgtgyg tattaccgge
gegetggegyg cgttectatca cgactegetg gatgttaaca atcctegteca cegtgaaatt
geegegttee gectgetgte gaaaatgceg accatggecyg cgatgtgtta caagtattec
attggtcage catttgttta cccgegeaac gatctcetect acgecggtaa cttectgaat
atgatgttet ccacgecgtyg cgaaccgtat gaagttaate cgattcetgga acgtgcetatg
gaccgtatte tgatcctgea cgetgaccat gaacagaacg cctctaccte caccgtgegt
accgetgget cttegggtge gaaccegttt gectgtateg cagcaggtat tgettcactg
tggggaccty cgcacggegg tgctaacgaa geggcgetga aaatgetgga agaaatcage
tcegttaaac acatteccgga atttgttegt cgtgcgaaag acaaaaatga ttettteege
ctgatggget teggtcaceg cgtgtacaaa aattacgace cgegegcecac cgtaatgegt
gaaacctgee atgaagtget gaaagagetg ggcacgaagg atgacctget ggaagtgget
atggagcetgg aaaacatcge gectgaacgac cegtacttta tegagaagaa actgtaccceg
aacgtcgatt tctactectgg tatcatectyg aaagcegatgg gtattcegte ttecatgtte
accgtcattt tcegecaatgge acgtacegtt ggetggateg cccactggayg cgaaatgcac
agtgacggta tgaagattgce ccgtcegegt cagetgtata caggatatga aaaacgcgac
tttaaaageg atatcaageg ttaa

<210> SEQ ID NO 165

<211> LENGTH: 427

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 165

Met Ala Asp Thr Lys Ala Lys Leu Thr Leu Asn Gly Asp Thr Ala Val
1 5 10 15

Glu Leu Asp Val Leu Lys Gly Thr Leu Gly Gln Asp Val Ile Asp Ile
20 25 30

Arg Thr Leu Gly Ser Lys Gly Val Phe Thr Phe Asp Pro Gly Phe Thr
35 40 45

Ser Thr Ala Ser Cys Glu Ser Lys Ile Thr Phe Ile Asp Gly Asp Glu

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1284
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Gly

65

Ser

Thr

Met

Ser

Phe

145

Ala

Tyr

Ser

Pro

Ile

225

Thr

Ile

Leu

Gly

305

Glu

Leu

Phe

Ile

Ala

385

Ser

Glu

50

Ile

Asn

Gln

Ile

His

130

Tyr

Ala

Lys

Tyr

Tyr

210

Leu

Ala

Ala

Lys

Arg

290

His

Thr

Glu

Ile

Leu

370

Met

Asp

Lys

Leu

Tyr

Glu

His

115

Pro

His

Phe

Tyr

Ala

195

Glu

His

Gly

Ser

Met

275

Arg

Arg

Cys

Val

Glu

355

Lys

Ala

Gly

Arg

Leu

Leu

Gln

100

Glu

Met

Asp

Arg

Ser

180

Gly

Val

Ala

Ser

Leu

260

Leu

Ala

Val

His

Ala

340

Lys

Ala

Arg

Met

Asp
420

His

Glu

85

Tyr

Gln

Ala

Ser

Leu

165

Ile

Asn

Asn

Asp

Ser

245

Trp

Glu

Lys

Tyr

Glu

325

Met

Lys

Met

Thr

Lys

405

Phe

Arg

70

Val

Asp

Ile

Val

Leu

150

Leu

Gly

Phe

Pro

His

230

Gly

Gly

Glu

Asp

Lys

310

Val

Glu

Leu

Gly

Val

390

Ile

Lys

55

Gly

Cys

Glu

Thr

Met

135

Asp

Ser

Gln

Leu

Ile

215

Glu

Ala

Pro

Ile

Lys

295

Asn

Leu

Leu

Tyr

Ile

375

Gly

Ala

Ser

Phe

Tyr

Phe

Arg

120

Cys

Val

Lys

Pro

Asn

200

Leu

Gln

Asn

Ala

Ser

280

Asn

Tyr

Lys

Glu

Pro

360

Pro

Trp

Arg

Asp

Pro

Ile

Lys

105

Leu

Gly

Asn

Met

Phe

185

Met

Glu

Asn

Pro

His

265

Ser

Asp

Asp

Glu

Asn

345

Asn

Ser

Ile

Pro

Ile
425

Ile

Leu
90

Thr

Phe

Ile

Asn

Pro

170

Val

Met

Arg

Ala

Phe

250

Gly

Val

Ser

Pro

Leu

330

Ile

Val

Ser

Ala

Arg

410

Lys

Asp

75

Leu

Thr

His

Thr

Pro

155

Thr

Tyr

Phe

Ala

Ser

235

Ala

Gly

Lys

Phe

Arg

315

Gly

Ala

Asp

Met

His

395

Gln

Arg

60

Gln

Asn

Val

Ala

Gly

140

Arg

Met

Pro

Ser

Met

220

Thr

Cys

Ala

His

Arg

300

Ala

Thr

Leu

Phe

Phe

380

Trp

Leu

Leu

Gly

Thr

Phe

125

Ala

His

Ala

Arg

Thr

205

Asp

Ser

Ile

Asn

Ile

285

Leu

Thr

Lys

Asn

Tyr

365

Thr

Ser

Tyr

Ala

Glu

Arg

110

Arg

Leu

Arg

Ala

Asn

190

Pro

Arg

Thr

Ala

Glu

270

Pro

Met

Val

Asp

Asp

350

Ser

Val

Glu

Thr

Thr

Lys

95

His

Arg

Ala

Glu

Met

175

Asp

Cys

Ile

Val

Ala

255

Ala

Glu

Gly

Met

Asp

335

Pro

Gly

Ile

Met

Gly
415

Asp

80

Pro

Thr

Asp

Ala

Ile

160

Cys

Leu

Glu

Leu

Arg

240

Gly

Ala

Phe

Phe

Arg

320

Leu

Tyr

Ile

Phe

His

400

Tyr




US 9,273,336 B2

129

What is claimed is:

1. A method comprising:

a) providing a population of recombinant microbial cells,
the recombinant microbial cells in the population com-
prising;

i) at least one introduced genetic modification that
increases expression of GlyS, GlyQ, YsaB, or a com-
bination thereof; and

ii) a chimeric genetic construct encoding a polypeptide
of interest, which polypeptide is not GlyS, GlyQ, or
YsaB;

b) growing the recombinant microbial cells under suitable
conditions whereby the polypeptide of interest is pro-
duced and accumulates within the recombinant micro-
bial cells ;

¢) fractionating the population of recombinant microbial
cells grown in (b) by a density gradient centrifugation;

d) isolating a subpopulation of the recombinant microbial
cells from a fraction having a higher buoyant density;
and

e) optionally repeating steps (a) through (d).

2. The method of claim 1 wherein the polypeptide of inter-
est accumulates within the recombinant microbial cells in the
form of at least one inclusion body.

3. The method of claim 1 wherein polypeptide of interest is
14 to 600 amino acids in length.

4. The method of claim 3 wherein the polypeptide of inter-
est is expressed as a fusion protein.

5. The method of claim 4 wherein the fusion protein com-
prises the general structure:

IBT-CL-POI

or

POI-CL-IBT

wherein;

IBT =at least one inclusion body tag;

CL =at least one cleavable peptide linker; and POI=the
polypeptide of interest.

6. The method of claim 1 wherein the recombinant micro-

bial cells are bacterial cells, yeast cells or fungal cells.

7. The method of claim 6 wherein the recombinant micro-
bial cells are selected from the group consisting of Aspergil-
lus, Trichoderma, Saccharomyces, Pichia, Phaffia, Kluyvero-
myces, Candida, Hansenula, Yarrowia, Salmonella, Bacillus,
Acinetobacter, Zymomonas, Agrobacterium, Erythrobacter,
Chlorobium, Chromatium, Flavobacterium, Cytophaga,
Rhodobacter, Rhodococcus, Streptomyces, Brevibacterium,
Corynebacteria, Mycobacterium, Deinococcus, Escherichia,
Erwinia, Pantoea, Pseudomonas, Sphingomonas, Methy-
lomonas, Methylobacter, Methylococcus, Methylosinus,
Methylomicrobium, Methylocystis, Alcaligenes, Synechocys-
tis, Synechococcus, Anabaena, Thiobacillus, Methanobacte-
rium, Klebsiella, and Myxococcus.

8. The method of claim 7 wherein the recombinant micro-
bial cells are Escherichia coli.

9. The method of claim 1 further comprising introducing at
least one genetic modification that decreases or disrupts
expression of GItA.

10. The method of claim 1 wherein the isolated subpopu-
lation of cells of step (d) has a buoyant density of at least 1.1
g/mL.
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11. A method comprising:

a) providing a population of recombinant microbial cells,
the recombinant microbial cells in the population com-
prising;

i) at least one introduced genetic modification that
decreases or disrupts expression of GItA; and

ii) a chimeric genetic construct encoding a polypeptide
of interest;

b) growing the recombinant microbial cells under suitable
conditions whereby the polypeptide of interest is pro-
duced and accumulates within the recombinant micro-
bial cells ;

¢) fractionating the population of recombinant microbial
cells grown in (b) by a density gradient centrifugation;

d) isolating a subpopulation of the recombinant microbial
cells from a fraction having a higher buoyant density;
and

e) optionally repeating steps (a) through (d).

12. The method of claim 11 wherein the polypeptide of
interest accumulates within the recombinant microbial cells
in the form of at least one inclusion body.

13. The method of claim 11 wherein the at least one intro-
duced genetic modification is a knockout mutation.

14. The method of claim 11 wherein polypeptide of interest
is 14 to 600 amino acids in length.

15. The method of claim 11 wherein the polypeptide of
interest is expressed as a fusion protein.

16. The method of claim 15 wherein the fusion protein
comprises the general structure:

IBT-CL-POI

or

POI-CL-IBT

wherein;

IBT=at least one inclusion body tag;

CL=at least one cleavable peptide linker; and POI=the
polypeptide of interest.

17. The method of claim 11 wherein the recombinant

microbial cells are bacterial cells, yeast cells or fungal cells.

18. The method of claim 17 wherein the recombinant
microbial cells are selected from the group consisting of
Aspergillus, Trichoderma, Saccharomyces, Pichia, Phaffia,
Kluyveromyces, Candida, Hansenula, Yarrowia, Salmonella,
Bacillus, Acinetobacter, Zymomonas, Agrobacterium, Eryth-
robacter, Chlorobium, Chromatium, Flavobacterium,
Cytophaga, Rhodobacter, Rhodococcus, Streptomyces,
Brevibacterium, Corynebacteria, Mycobacterium, Deino-
coccus, Escherichia, Erwinia, Pantoea, Pseudomonas, Sph-
ingomonas, Methylomonas, Methylobacter, Methylococcus,
Methylosinus, Methylomicrobium, Methylocystis, Alcali-
genes, Synechocystis, Synechococcus, Anabaena, Thiobacil-
lus, Methanobacterium, Klebsiella, and Myxococcus.

19. The method of claim 18 wherein the recombinant
microbial cells are Escherichia coli.

20. The method of claim 11 further comprising introducing
at least one genetic modification that increases expression of
GlyS, GlyQ, YsaB, or a combination thereof.

21. The method of claim 11 wherein the isolated subpopu-
lation of cells of step (d) has a buoyant density of at least 1.1
g/mL.



